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Abstract of EP0398656 

There is provided an electric charge recording/reproducing apparatus comprising: a first means to focus an 
electromagnetic radiation ray containing a recording object information signal onto a photoconductive layer member 
(PCE) in an electric charge image recording medium (D) comprising a laminate of at least an electric charge retention 
layer member (CHL), said photoconductive layer member (PCE) and a first electrode (E) using an objective lens (107) 
which is driven and displaced In an optical axis direction by an actuator (ACT) of an automatic focusing system; and a 
second means to integratedly connect and fix a moving electrode (Em) onto said objective lens (107), said moving 
electrode (Em) electrode being intended to generate an electric field for positioning said electric charge image 
recording medium (D) in the electric field of a predetemiined electric field intensity, towards said electrode in the 
electric charge image recording medium (D). There is also provided an electric charge image recording medium (D) 
composed of a laminate of at least a first electrode (E), a photoconductive layer member (PCE), an optical modulation 
layer member (PML) and an electric charge retention layer member (CHL). the electric charge recording medium 
comprising said electric charge retention layer member (CHL) provided with an electric charge image pattern for 
tracking control recorded and formed. 
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0 Electrio charge image recording medium and recording/reproducing apparatus. 



0 There is provided an electric charge 
recording/reproducing apparatus comprising: a first 
means to focus an electromagnetic radiation ray 
(^containing a recording object information signal onto 
^a photoconductive layer member (PCE) in an electric 
^charge innage recording medium (D) comprising a 
1^ laminate of at least an electric charge retention layer 
(O member (CHL), said photoconductive layer member 
-^(PCE) and a first electrode (E) using an objective 
0)iens (107) which is driven and displaced in an optical 
fOaxis direction by an actuator (ACT) of an automatic 
Q focusing system; and a second means to integ- 
ratediy connect and fix a moving electrode (Em) 
^onto said objective lens (107). said moving electrode 
(Em) electrode being intended to generate an elec- 
tric field for positioning said electric charge image 



recording medium (D) in the electric field of a pre- 
determined electric field intensity, towards said elec- 
trode in the electric charge image recording medium 
(D). There is also provided an electric charge image 
recording medium (D) composed of a laminate of at 
least a first electrode (E), a photoconductive layer 
member (PCE), an optical modulation layer member 
(PML) and an electric charge retention layer member 
(CHL), the electric charge recording medium com- 
prising said electric charge retention layer member 
(CHL) provided with an electric charge image pattern 
for tracking control recorded and formed. 
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ELECTRIC CHARGE IMAGE RECORDING MEDIUM AND RECORDING/REPRODUCING APPARATUS 



BACKGROUND OF THE INVENTION 



The present invention relates to an electric 
charge image recording nnedium and a 
recording/reproducing apparatus. 

Fig. 1 is a block diagram which shows an 
example of the composition of a 
recording/reproducing apparatus based on electric 
charge image. Referring to this Fig. 1. D represents 
an electric charge recording medium disk 
(hereinafter, described only as Medium D) compris- 
ing a laminar structure of a charge retention layer 
member IL and an electrode E, The electric charge 
retention layer member IL is composed of the 
material of such an extremely high insulation resis- 
tance that electric charges adhering on the mem- 
ber IL can be maintained for a long time (for 
example, a silicon resin). The charge retention lay- 
er member IL can also be comprised of any other 
configuration. 

This Medium D is rotated at a predetermined 
revolution frequency by a rotary driving mechanism 
not illustrated. Referring to Fig. 1, WA represents a 
recording system configured so as to be capable to 
emit an electromagnetic radiation ray flux the inten- 
tion of which is modulated by a recording object 
information signal (in the following description, the 
electromagnetic radiation ray flux is mentioned like 
a laser light flux while describing a source of gen- 
erating electromagnetic radiation rays like a laser 
light source) from a lens 7. The recording system 
WA in the illustrated example comprises a laser 
light source 1. a tens 2. a polarizer 3, an optical 
modulator 4. a recording object information signal 
source 5, an analyzer 6 and a lens 7. Symbol RA 
in Rg. 1 is a reproducing system constructed in 
such a manner that an information signal recorded 
in the Medium D in the fonm of electric charges is 
read by a laser light flux and output as an electric 
signal. In the example shown in Rg. 1, the re- 
producing system comprises a laser light source 2. 
lenses 9, 12 and 15, a polarizer 10, a beam splitter 
11, a wave plate 13, an analyzer 14, a photoelectric 
converter 16, an amplifier 17, an output terminal 
18. etc. 

A laser light flux emitted from the lens 7 of the 
recording system WA is transmitted through a 
transparent electrode Etw of a recording head WH 
comprising a laminar structure of the transparent 
electrode Etw and a photoconductive layer PCE, 
and applied to the photoconductive layer PCE. A 
voltage from a power source Vw across the trans- 
parent electrode Etw of the recording head WH 
and the electrode E of the Medium 0. Therefore, 



when an intensity-modulated laser light flux enters 
the photoconductive layer PCE of the recording 
head WH according to an information signal sent 
from the recording system WA, the electric resis- 

5 tance at a portion of the photoconductive layer 
PCE to which the laser light flux was given de- 
creases while activating to a charge retention layer 
member IL of the Medium D in the portion, thereby 
depositing electric charges on the surface of the 

10 charge retention layer member IL in the Medium D, 
according to the information signal. An image of 
electric charges created according to the informa- 
tion signal is regenerated as follows by the re- 
producing system. It is assumed that a detection 

75 head comprises a dielectric mirror DML, an optical 
modulation member layer PML. consisting of a 
single crystal of. for example, lithium niobate and a 
transparent electrode Etr. The optical modulation 
member layer PML changes the plane of polariza- 

20 tion of light transmitted in the layer by an electric 
field created by the image of electric charges ad- 
hering on the surface of a charge retention layer 
member IL in the Medium D. Meanwhile, a laser 
light flux emitted from a lens 12 in the reproducing 

25 system RA is transmitted through the optical modu- 
lation member layer PML, reflected by the dielec- 
tric mirror DML and then entered in the lens 12 
again. The plane of polarization of the light re- 
flected above is changed according to the image of 

30 electric charges on the surface of the charge reten- 
tion layer member in the Medium D. 

The light entered again in the lens 12 in the 
above of which the plane of polarization has been 
changed according to the image of electric charges 

35 adhering on the surface of the charge retention 
layer member IL in the Medium D is supplied to an 
analyzer 1 4 via a beam splitter 1 1 and a wave plate 
13. Thus, the analyzer 14 emits the light of a light 
quantity which changes according to the variation 

40 Of the plane of polarization of the entered light. The 
output light is collected by a lens 15. given to a 
photoelectric converter 16 where it is converted to 
an electric signal. The output signal from the pho- 
toelectric converter 16 is amplified in an amplifier 

45 17 thereby an output terminal 18 in the reproducing 
system issues the original information signal. 

In the meantime. with the 
recording/reproducing apparatus based on the 
electric charge image, information stored in an 

50 electric charge image recording medium in a high 
recording density can be reproduced and recorded 
again easily using a simple device, by using the 
laser light of a satisfactorily small diameter. How- 
ever, in order to reproduce a data recorded in a 
high recording density in terms of fidelity, it is 



t 
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necessary to drive and displace a reproducing ele- 
ment under a tracking control process. For this 
purpose, the applicant corporation of the present 
invention already proposed a reproducing device 
illustrated in Fig. 2. 

Rg. 2 shows the block diagram of an already 
proposed electric charge image type reproducing 
device where a tracking control system applies to 
the reproducing element in a system of reproduc- 
ing recorded image of electric charges. Fig. 3 is 
the block diagram of the tracking control system. 
Refenring to Rg. 2. a Medium D comprises a 
laminar structure of a charge retention layer mem- 
ber IL and an electrode E. like with an already 
described Medium D. The Medium D is rotated by 
a rotary driving mechanism not illustrated, at a 
predetermined revolution frequency. The WA 
shown in Fig, 2 is configured in the same manner 
as the already described recording system WA 
referring to Fig. 1; namely it Is a recording system 
comprising a laser light source 1, a lens 2, a 
polarizer 3. an optical modulator 4, a recording 
object information signal source 5, an analyzer 6 
and a lens 7. The aspect of recording information 
by means of the recording system WA shown in 
Fig. 2 is the same as that already described refer- 
ring to Fig. 1. 

The RA in Fig, 2 is a reproducing system that 
reads information signal recorded in the Medium D 
in the image of electric charges, using a laser light 
while outputting as electric signals. Its partial con- 
figuration comprising a laser light source 2, lenses 
9. 12 and 15, a polarizer 10, a beam splitter 11, a 
wave plate 13 and an analyzer 14 is the same as 
that of the reproducing system already described 
referring to Fig. 1. However, according to the as- 
pect of the configuration shown in Fig. 2. the com- 
ponent parts of the photoelectric converter 16, am- 
plifier 17 and the output terminal 18 in the re- 
producing system of Fig. 1 have been modified to 
a split type photodetector PD. tracking control cir- 
cuit TSC. actuator ACT, etc. provided with pho- 
toelectric converter elements PDa - PDd. 

Referring to Fig. 3, among output signals Sa - 
Sd from four photoelectric conversion elements 
PDa - PDd constituting the split type photodetector 
PD, output signals Sa and Sc from the elements 
PDa and PDc, respectively, are added by an adder 
19 in the tracking control signal generating circuit 
TSC. In addition, among output signals Sa - Sd 
from four photoelectric conversion elements PDa - 
PDd constituting the split type photodetector PD, 
output signals Sb and Sd from the .photoelectric 
conversion elements PDa - PDd, respectively, are 
added by an adder 20 in the tracking control signal 
generating circuit TSC. 

Output signals (Sa + Sc) and (Sb + Sd) from 
the adders 19 and 20 respectively, are added by 



an adder 21 from which a reproduced signal of (Sa 
+ Sb + Sc + Sd) is transmitted to an output 
temnlnal 18. 

In addition, output signals (Sa + Sc) and (Sb 

5 + Sd) from the adders 19 and 20, respectively, are 
operated for {(Sa + Sc) - (Sb + Sd)} in a subtrac- 
ter 22. while the phase of an output signal from the 
subtracter 22 being compensated in a phase com- 
pensation circuit PC thereby becoming a tracking 

70 control signal which is supplied to an actuator ACT 
from an output terminal 23, The actuator ACT 
drives and displaces the reproducing element in 
the direction orthogonal to the extension of a re- 
corded track for the purpose of tracking control. 

75 With the reproducing device based on the 
electric charge image, as already proposed and 
shown in Rg. 2. a tracking control signal is gen- 
erated according to a reproduced signal obtained 
by reproducing an Information signal recorded on 

20 the surface of the charge retention layer member IL 
of the Medium D as an image of electric charges, 
and supplied to the actuator. The actuator drives 
and displaces the reproducing element in the direc- 
tion orthogonal to the extension of a recorded 

26 track. However, there is also another proposal of 
generating tracking control information according to 
the change of the geometrical shape of the charge 
recording medium in order to have more preferable 
tracking control processing. 

30 

(PROBLEMS TO BE SOLVED BY THE INVEN- 
TION) 

35 Rg, 4 relates to such a Medium D comprising 
a charge retention layer member IL and an elec- 
trode E In a laminar structure, where the charge 
retention layer member IL and the electrode E are 
constructed in a concave and convex shape as 

40 being able to function in the same way as a track- 
ing control groove constructed on the surface of a 
substrate in a so-called pregrooved optical disk. 
More particularly, Rg. 4 shows the state in which 
the surface of the photoconductive layer PCE of 

46 the recording head WH is arranged in the vicinity 
of the surface of the charge retention layer mem- 
ber IL. Rg. 5 shows an enlarged view of the 
electric charge recording medium D shown in the 
portion of a round mark Z in Rg. 4; where the 

50 charge retention layer member IL and the electrode 
E in the Medium D are configured in such a 
concave and convex shape as being capable to 
function in the same way as a groove for tracking 
control provided on the surface of the substrate In 

55 a so-called pregrooved optical disk. Tp in Rg. 5 
represents an interval between recording tracks 
(track pitch). 

Referring to Rgs. 4 and 5, the relationship 



between the track pitch Tp of the Medium D and 
the width W of the recording head WH (the width 
W of the recording head WH relates to the lateral 
direction of the recording track in the electric 
charge recording medium) is represented typically 
by such dimensions as 1.6 uM and 6 mm for the 
track pitch Tp and the width W of the recording 
head WH. respectively. In general, there is a rela- 
tionship of W >Tp. 

Now it is assumed that the Medium D is revolv- 
ing at a frequency of 1800 revolutions per minute 
while the recording position moves to the adjacent 
recording track by a track every revolution of the 
Medium D. It is also assumed that the recording 
pitch Tp of the Medium 0 is, for example, 1.6 uM 
with a width W of the recording head WH (the 
width of the recording head WH in the lateral 
direction of the recording track in the charge re- 
cording medium) of 6 mm for example. 

Still another assumption is that the recording 
head WH is moving by 1.6 uM each every time the 
Medium D revolves one tum in the radial direction 
of the Medium D. Then, it takes about 2 minutes 
for the recording head WH to move outside the 
range of the charge recording medium, to which 
range the leading end of the recording head WH in 
the moving direction corresponded upon starting 
for record. 

On the other hand, a voltage from a power 
source Vw is applied across the transparent elec- 
trode Etw of the recording head WH an-anged 
opposing to a recording portion in the Medium D 
and the electrode E of the Medium D during each 
recording operation. Therefore, when a laser light 
flux the intensity of which is modulated by an 
information signal as already described enters the 
photoconductive layer PCE of the recording head 
WH. the electric resistance in the portion with the 
laser light flux given In the photoconductive layer 
PCE decreases so much as electric discharging 
occurs between the portion and the charge reten- 
tion layer member IL of the Medium D. Thereby, 
electric charges adhere on the surface of the 
charge retention layer member IL in the Medium D 
In a quantity corresponding to the information sig- 
nal. However, because the voltage from the power 
source Vw Is always applied across the entire 
surface of the transparent electrode Etw in the 
recording head WH and the Medium D. a dark 
current flows for a long time in the photoconductive 
layer PCE of the recording head WH as described 
before also for the portion of the Medium D, other 
than the portion of receiving the laser light flux in 
the photoconductive layer PCE of the recording 
head. Thereby, the dark current creates an image 
of electric charges while building up potentials in 
entirety resulting in the deterioration of S/N ratio of 
recorded data, as a problem. 
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Rg. 6 is the block diagram of the already 
proposed reproducing device using the image of 
electric charges, based on the tracking control sys- 
tem applied to the reproducing element in the 

6 reproducing device of recorded electric charge im- 
age. The tracking control system is shown in Fig. 
3. Referring to Rg. 6, the Medium D comprises a 
laminar structure of an Insulation layer !L and an 
electrode E, while the Medium D being rotated by 

10 a rotary driving mechanism although not illustrated 
at a predetemnined revolution frequency. The WA 
in Rg. 6 is a recording system comprising a laser 
light source 1. a lens 2, a polarizer 3, an optical 
modulator 4. a recording object information signal 

75 source 5. an analyzer 6 and a lens 7. The RA of 
Fig. 6 is such a reproducing system that an in- 
formation signal recorded in the form of the electric 
charge image in the Medium D is read by a laser 
light while outputting as an electric signal. 

20 A laser light flux emitted from the lens 7 In the 
recording system WA is transmitted through the 
transparent electrode Etw of the recording head 
WH comprising a laminar structure of the transpar- 
ent electrode Etw and the photoconductive layer 

25 PCE and given to the photoconductive layer PCE. 
A voltage from the power source Vw is applied 
across the transparent electrode Etw of the record- 
ing head WH and the electrode E of the Medium D. 
Therefore, when a laser light flux the intensity of 

30 which is modulated by an information signal enters 
the photoconductive layer PCE of the recording 
head WH from the recording system WA as de- 
scribed before, the electric resistance in a portion 
of receiving the laser light flux in the photoconduc- 

35 tive layer PCE decreases so much as a discharge 
takes place between that portion and the insulation 
layer IL of the Medium D. Thereby, electric, 
charges adhere on the surface of the Insulation 
layer IL of the Medium D in a quantity corresporid- 

40 ing to the information signal, thus a recording ob- 
ject information signal being recorded as an image 
of electric charge. 

The image of electric charges con^esponding to 
the recording object information signal described 

45 above is reproduced as follows by the reproducing 
system, it is assumed that a detection head com- 
prises a dielectric mirror DML, an optical modula- 
tion member layer PML composed of such a ma- 
terial as the single crystal of lithium niobate and a 

50 transparent electrode ETR. At that time, the optical 
modulation member layer PML in the detection 
head changes the plane of polarization of a light 
transmitted therein by an electric field generated 
by the image of the electric charges adhering on 

55 the surface of the insulation layer IL of the Medium 
D. Therefore, when a laser light flux emitted from 
the lens 12 of the producing system RA is trans- 
mitted through the optical modulation member lay- 
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er PML, then reflected at the dielectric mirror DML 
and enters the lens 12 again, the plane of polariza- 
tion of the entering light has been already changed 
corresponding to the image of electric charges 
adhering on the surface of the insulation layer IL of 
the Medium D. 

The plane of polarization of the light entering 
the lens 12 as described above has been already 
altered according to the image of electric charges 
adhering on the surface of insulation layer IL of the 
Medium D. Since the light is supplied to an ana- 
lyzer 14 via a beam splitter 11 and a wave plate 
13, the analyzer 14 emits the light in such a 
quantity as changing according to the variation of 
the plane of polarization of the light entering the 
detector 14, which is supplied to a split type 
photodetector PD having photoelectric conversion 
elements PDa • PDd after being collected by the 
lens 1 5. 

Referring to Fig. 3. among output signals Sa - 
Sd from four photoelectric conversion elements 
constituting the split type photodetector PD, the 
output signals Sa and Sc from photoelectric con- 
version elements PDa and PDc. respectively, are 
added by the adder 19 in the tracking control 
signal generating circuit TSC. In addition, among 
output signals Sa - Sd from four photoelectric con- 
version elements PDa - PDd constituting the split 
type photodetector PD, the output signals Sb and 
Sd from the photoelectric conversion elements PDb 
and PDd are added by the adder 20 in the tracking 
control signal generating circuit TSC. 

Output signals (Sa + Sc) and (Sb + Sd) from 
the adders 19 and 20, respectively, are added by 
the adder 21 which transmits a reproducing signal 
(Sa + Sb + Sc + Sd) to the output terminal 18. 

In addition, output signals (Sa + Sc) and (Sb 
+ Sd) from the adders 19 and 20, respectively, are 
operated for the subtraction of {(Sa + Sc) • (Sb + 
Sd)} by the subtracter 22, the output signal from 
which is phase compensated in the phase com- 
pensation circuit PC becoming a tracking control 
signal which being supplied from the output termi- 
nal 23 to the actuator ACT. The actuator ACT 
drives and displaces the reproducing element in 
the direction orthogonal to the extension of a re- 
cording track for tracking control. 

With the reproducing device based on the im- 
age of electric charges, already proposed as shown 
In Rg. 6, information signal recorded as the image 
of electric charges on the surface of the insulation 
layer IL of the Medium Dm is regenerated to have 
a reproduced signal based on which a tracking 
control signal is generated and supplied to the 
actuator. The actuator drives and displaced the 
reproducing element In the direction orthogonal to 
the extension of a recording track for activating 
tracking control. However, there is another proposal 



of making tracking control processing more sat- 
isfactory by incorporating such a system as in- 
formation for tracking control can be generated 
according to the variation of the geometrical shape 
5 Of the electric charge image recording medium. 

(PROBLEMS TO BE SOLVED BY THE INVEN- 
TION) 

70 

Meanwhile, with the electric charge Image 
recording/reproducing apparatus as already pro- 
posed, the electric charge image recording me- 
dium used upon recording electric charge image 

75 does not store information for tracking control. 
Therefore, in order to record Information in a high 
recording density into the electric charge recording 
medium, the mechanical accuracy of a feeding 
mechanism in the recording system is required to 

20 be extremely high. Consequently, the composition 
of the recording/reproducing apparatus has been 
correspondingly complicated. 

In order that information can be recorded in the 
electric charge recording medium at a high record- 

25 ing density without using a feeding mechanism of a 
very high mechanical accuracy in the recording 
system, it is already known in the prior art that 
grooves 4 for tracking control are composed be- 
forehand in the recording medium D as shown in 

30 Fig. 7 as an example. Fig. 8 shows the state of a 
recording operation of the grooves for tracking con- 
trol shown in Fig. 7, in which a laser light is 
irradiated (the white round mark in the figure repre- 
sents a light spot of the laser light) for tracking 

35 control. 

However, in order to manufacture and prac- 
tically use such a recording medium as being 
provided with mechanically constructed grooves for 
tracking control, a large-scale manufacturing facility 

40 is required for producing the recording medium of 
such a configuration. 

(PROBLEMS TO BE SOLVED BY THE INVEN- 
TS TION) 

In the meantime, when a recording object in- 
formation signal is to be recorded in an electric 
charge Image recording medium under tracking 

50 control operation, a laser light flux incorporating the 
recording object information signal is irradiated 
onto the electric charge image recording medium 
while also reading tracking control information and 
focus control Information previously stored in the 

55 recording medium. However, when such a system 
as each of the operations is activated by a laser 
light flux, the configuration of the detection system 
becomes complicated in excess as a practical 
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problem. 

To prevent it. there is also another proposal 
that a plurality of laser light fluxes is used to 
activate operations of recording, reproducing and 
detection of servo signal, as known in the prior art. 5 

However, when any of conventional proposals 
(for example, Japanese Utility Model Laid-open 
Publication No. 79521988, Japanese Patent Laid- 
open Publication No. 112833/1988 ^nd Japanese 
Utility Model Laid-open Publication No. w 
32312 1988), it is not possible to record information 
signals in a multi-value recording mode in which 
data can be recorded in a high recording density, 
on a recording plane. Consequently, the develop- 
ment of such a recording/reproducing apparatus as is 
capable to record and reproduce data in a ultra- 
high density using a recording plane. 

Fig. 16 is a block diagram showing an example 
configuration of the, already proposed electric 
charge image recording.reproducing apparatus. 20 
With the already proposed electric charge 
recording/reproducing apparatus shown in Fig. 16, 
D represents an electric charge recording medium 
disk (hereinafter refenred to only as Medium D). 
The Medium D shown In Fig. 16 and practically 25 
used at present comprises, for example like the 
Medium D shown in Fig. 15, such a structure as a 
substrate BP laminated with a charge retention 
layer member CHL {composed of such a material 
as having extremely high insulation resistance (for 30 
example, silicone resin) to maintain electric 
charges adhering thereon for a long time}, an 
optica) modulation member layer PML (a layer con- 
sisting for example of the single crystal of lithium 
niobate or liquid crystal), a photoconductive layer 35 
member PCL and an electrode E. 

The Medium D shown in Fig. 16 is rotated at a 
predetermined revolution frequency by a rotary 
driving mechanism not illustrated. PH shown in Rg. 
1 6 represents an optical head which is constructed 4o 
in such a manner that the head is moved in the 
radial direction of the Medium D by a carriage 1 
(the detailed configuration of which is not illus- 
trated). 

In the optical head PH shown in Fig. 16, a 45 
semiconductor laser 102 emits a laser light the 
intensity of which is modulated by a recording 
object information signal when the electric charge 
image recording/reproducing apparatus is set to a 
recording mode, and gives the light to a collimator so 
lens 103. When the electric charge 
recording/reproducing apparatus is set to a repro- 
ducing mode, the semiconductor laser 102 emits a 
laser light of a predetermined intensity and gives it 
to the collimator lens 103. 55 

Referring to Rg. 16, numerals represent var- 
ious devices as follows; beam splitters 104 - 106, 
objective lens (condenser lens) 107, ranges 108 - 
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110, cylindrical lens 111, photoelectric converters 
112 • 114 and transparent electrode 115. The ob- 
jective lens 107 is composed in such a manner that 
it Is driven and displaced in the optical axis direc- 
tion of the objective lens by an actuator ACT in the 
automatic focus control system in the optical head 
PH. In addition, the transparent electrode 115 is 
fixed on the carriage 101 so that there is a gap to 
the surface of the Medium D. The semiconductor 
laser 102 emits a laser light flux when the electric 
charge Image recording/reproducing apparatus is 
set to a recording mode. The emitted laser light 
flux is modulated in its intensity by a recording 
object information signal while being modified to a 
parallel light by the collimator lens 103. Then, the 
parallel light is focused on the photoconductive 
layer member PCL in the Medium D by means of 
an optical path of the beam splitter 104 — objective 
lens 107 transparent electrode 115 Medium 
D. 

A voltage is applied across the transparent 
electrode 115 and the electrode of the Medium D 
(as shown by a symbol E of Fig. 15) from a power 
source Vw. Therefore, when a laser light flux of 
which the Intensity is modulated by a recording 
object information signal is irradiated onto the pho- 
toconductive layer PCL, the electric resistance in a 
portion to which the laser tight flux Is given in the 
photoconductive layer PCL decreases so as to 
causing discharge at that portion towards the 
charge retention layer member CHL of the Medium 
D, thereby electric charges adhere on the surface 
of the charge retention layer member CHL In the 
Medium D in a quantity corresponding to the re- 
cording object information signal. 

An image of the electric charges created as 
described above on the charge retention layer 
member CHL of the Medium D can be regenerated 
as follows. An optical modulation member layer 
PML is composed of such a material as for exam- 
ple the crystal of lithium niobate on the Medium D, 
and modulates the plane of polarization of a light 
passing therein by the electric field of the image of 
electric charges adhering on the surface of the 
charge retention layer member CHL in the Medium 
D. Consequently, when the electric charge image 
recording/reproducing apparatus Is in a reproduc- 
ing mode, the semiconductor laser 102 emits a 
laser light flux of a predetermined optical intensity. 
The laser light flux is given to the objective lens 
107 via the collimator lens 103 and the beam 
splitter 104 and then emitted from the objective 
lens 107. The laser light flux reciprocally passes 
the optical modulation member layer PML of the 
Medium D and then enters the objective lens 106 
as a light reflected from the Medium D. The plane 
of polarization of the reflected light has been 
changed corresponding to the image of electric 
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charges created on the surface of the charge reten- 
tion layer member CHL of the Medium D. The light 
reflected from the Medium D is reflected at the 
beam splitter 104 and then modified by an analyzer 
AL to a light in such a state that the intensity of the 
light has been changed. The light is then given to 
the beam splitter 105,. while a component of the 
light transmitted through the beam splitter 105 is 
applied to a four-split photoelectric converter 112 
via a lens 108 and a cylindrical lens 111. An output 
signal from the four-split photoelectric converter 

112 is used as a control signal for an automatic 
focus control system based on an astigmatism 
already known in the prior art. In addition, the other 
component of the light is reflected in the beam 
splitter 105 and given to the beam splitter 106. A 
part of this light is transmitted through the beam 
splitter 106 and then supplied to the photoelectric 
converter 114 via the lens 110. in which the light is 
photoelectrically converted to an output signal 
therefrom. The other component of the light, re- 
flected in the beam splitter 6 after being reflected 
in the beam splitter 105, is given to the photoelec- 
tric converter 113 via the lens 109, where the light 
is photoelectrically converted and output from the 
converter 113. These outputs from the converters 

113 and 114 are supplied to a differential circuit, 
although illustrated, in which the outputs are used 
as detection signals of high S/N. 

^ (PROBLEMS TO BE SOLVED BY THE INVEN- 
TION) 

The recording/reproducing apparatus can 
record and produce signals in a high recording 
density using a laser light of a satisfactorily small 
diameter while incorporating a simple device. How- 
ever, if a spacing between the electrode E and the 
transparent electrode 115 in the Medium D largely 
changes upon writing an information signal, it 
sometimes occurs that the information signal is not 
correctly recorded in the Medium D. Particularly 
when information signals are to be recorded in the 
mode of multi-value recording into the Medium D 
aiming at a higher information density for recording 
and reproducing, multi-value recording will not be 
correctly completed if the spacing changes even 
slightly. Consequently, it is required that the posi- 
tion of the transparent electrode 115 is adjusted 
correctly for each electric charge Image recording 
medium of different thickness. However, it is very 
difficult to finely adjust the position of the transpar- 
ent electrode 115 because the adjustment is to be 
performed for the recording/reproducing apparatus. 
In addition, if the spacing between the transparent 
electrode 115 and the electrode of the Medium D 
fluctuates by, for example, a surface deflection of 



the Medium D, recorded details may become erro- 
neous. Most explicitly, with the already proposed 
electric charge image recording/reproducing appa- 
ratus, the distribution of electric charges in relation 

5 to the image recorded in the charge retention layer 
member CHL of the Medium D is determined ac- 
cording to the degree of intensity modulation by 
the laser light irradiated onto the Medium D as long 
as a predetermined voltage Vw is applied across 

10 both the electrodes E. 115 from a power source 
Vw. 

However, if the spacing between the electrodes 
E and 115 of the Medium D is fluctuating while a 
predetermined voltage Vw is applied across both 

15 the electrodes E and 115 from the power source 
Vw, the distribution of electric charges contributing 
to the charge image recorded and formed on the 
charge retention layer member CHL of the Medium 
D no longer corresponds to the intensity modula- 

20 tion of the laser light incident to the Medium D. 

The problem described above wilt not be a 
significant trouble when Information signals are re- 
corded in the format of binary recording into the 
Medium D. However, the problem becomes much 

25 more troublesome when information signals are 
recorded in multi-value recording into the Medium 
D. 

In this point of view, a system shown in Fig. 17 
was proposed and tried with the electric charge 

30 recording/reproducing apparatus shown In Fig. 16; 
a floating electrode FE configured in the same 
manner as a so-called Winchester type floating 
magnetic head shown in Fig. 5 was levitated to 
maintain the spacing between the electrode E and 

35 floating electrode FE (corresponding to the trans- 
parent electrode 115 in Fig. 16) of the Medium D, 
on the surface of the Medium D revolving at a high 
speed. However, this solution of using a floating 
type electrode FE cannot be adopted because, in 

40 order to maintain the floating electrode FE floated 
at a predetermined distance above the Medium D, 
the Medium D must be revolved at a high speed 
according to the constant linear velocity system 
(CLV) and that the distance of floatation available 

45 for the floating type electrode FE is only about 12 
urn. 

As a means to suppress the spacing between 
the transparent electrode 115 and the electrode of 
the Medium D not to fluctuate even when the 

50 surface of the Medium D may swing for example, 
the system described in the Japanese Patent Ap- 
plication No. 13252/198 has been already pro- 
posed; in which the position of a transparent elec- 
trode in relation to the electric charge Image re- 

55 cording medium Is detected by the change of a 
static capacitance value while automatically control- 
ling the position of the transparent electrode using 
detected values. However, this proposal has a dif- 
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ficult problem that a complicated configuration of 
various devices is required to apply tiie system 
practically. 

SUMMARY OF THE INVENTION 



According to the present invention, there are 
provided; an electric charge recording/reproducing 
apparatus comprising: 

a first means to focus an electromagnetic radiation 
ray containing a recording object information signal 
onto a photoconductive layer member (PCE) In an 
electric charge image recording medium (D) com- 
prising a laminate of at least an electric charge 
retention layer member (CHL). the photoconductive 
layer member (PCE) and a first electrode (E) using 
an objective lens (107) which Is driven and dis- 
placed in an optical axis direction by an actuator 
(ACT) of an automatic focusing system; and 
a second means to integratedly connect and fix a 
moving electrode (Em) onto the objective lens 
(107). the moving electrode (Em) electrode being 
Intended to generate an electric field for positioning 
the electric charge image recording medium (D) in 
the electric field of a predetermined electric field 
intensity, towards the electrode in the electric 
charge image recording medium (D). and 
an electric charge image recording medium (D) 
composed of a laminate of at least a first electrode 
(E). a photoconductive layer member (PCE), an 
optical modulation layer member (PML) and an 
electric charge retention layer member (CHL), the 
electric charge recording medium comprising the 
electric charge retention layer member (CHL) pro- 
vided with an electric charge image pattern for 
tracking control recorded and formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1 through 3 are side elevations to show 
important configurations of a conventional 
recording/reproducing apparatus. 

Figs. 4 and 5 are side views for describing 
problems of a conventional device. 

Rg. 6 is a block diagram to denote a device 
on which the apparatus of the present invention is 
based. 

Fig. 7 is a side elevation to Indicate a con- 
ventional optical disk. 

Rg. 8 is a plan view of the same conven- 
tional optical disk. 

Rg. 9 shows a side elevation of a major 
composition of a recording reproducing apparatus 
using an electric charge image recording medium 



according to the present Invention. 

Fig. 10 is a plan view of a principal part of 
the same recording medium. 

Rg. 1 1 is a plan view for showing an impor- 
5 tant composition of a recording/reproducing ap- 
paratus using the electric charge image recording 
medium based on the present Invention. 

Rgs, 12 and 13 are side views to show 
major compositions of a recording/reproducing ap- 
TO paratus using the electric charge Image recording 
medium of the present invention. 

Fig. 14 shows a block diagram of the com- 
position of an electric charge image 
recording/reproducing apparatus according to the 
15 present invention. 

Fig. 15 is a side elevation of denoting a 
referential composition between an objective lens 
and a moving electrode. 

Rgs. 16 and 17 provide block diagrams to 
20 show the composition of an electric charge 
recording/reproducing apparatus on which the 
present Invention Is based. 

Rg. 18 is a prospective view of a floatation 
type electrode. 
25 Rgs. 19 through 22 are descriptive views for 

an electric charge pattern for transistor control in 
the electric charge image recording medium of the 
present Invention. 

Fig. 23 is a block diagram of indicating an 
30 important composition of a recording/reproducing 
apparatus using the electric charge image record- 
ing medium of the present invention. 

Figs. 24 and 25 show an important composi- 
tion of a recording/reproducing apparatus accord- 
35 ing to the present invention. 

Rg. 26 is a block diagram of illustrating the 
composition of a recording/reproducing apparatus 
based on the present invention. 

Rg. 27 shows the side view of an Important 
40 portion for the recording/reproducing apparatus 
shown in Fig. 26. 

Rg. 28 is a prospective view of optical mem- 
bers used in the recording/reproducing apparatus 
of Rg, 26. 

45 Figs. 29 and 30 are descriptive views of 

recording and reproducing operations. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

50 

In Figs. 9 through 13, D represents the electric 
charge image recording medium according to the 
present invention. The electric charge image re- 
55 cording medium 0 shown in Rgs. 9 and 10 is an 
example in which the electric charge image record- 
ing medium D of the present invention is embodied 
as a disk-like electric charge Image recording me- 
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dium. The electric charge recording medium D 
shown in Rgs. 11 through 13 relates to an example 
that the electric charge recording medium D of the 
present invention is embodied as a card-like elec- 
tric charge image recording medium. 5 

The electric charge innage recording medium D 
shown in Figs. 9 and 10 relates to such an electric 
charge image recording medium comprising such 
electrodes Ed, Ed, Ed — as individually corre- 
sponding to sequential recording tracks to be re- io 
corded and formed onto the electric charge image 
recording medium with separating guard bands of 
predetermined widths as the electrode in the disk- 
like electric charge image recording medium com* 
prising a laminate of an electric charge retention 75 
layer member IL and the electrode. Pd in Fig. 10 is 
pitch of the electrode Ed. When the electric charge 
image recording medium D is embodied as a disk- 
type for example, recording tracks to be recorded 
and formed sequentially on the electric charge 2q 
image recording medium D may be composed for 
example of a concentric or vortex type. Therefore, 
the electrodes Ed, Ed, — , as composed by sepa- 
rating each other with a predetermined guard band 
in a pitch of Pd in correspondence to sequential 25 
recording tracks of a circular electric charge image 
recording medium D, are also formed in a concen- 
tric or vortex type corresponding to the shape of 
recording tracks in a concentric or vortex shape. 

At that time, the electrodes Ed, Ed, — provided 30 
in correspondence to sequential recording tracks in 
the disk-like electric charge image recording me- 
dium D in Pd pitches while being separated by 
predetermined guard bands, are configured on an 
insulation board BP in the electric charge image 35 
recording medium D in such a state as each elec- 
trode Ed is electrically isolated from adjacent elec- 
trodes. Since the electric charge image recording 
medium D of the present invention is composed by 
laminating an electric charge retention layer mem- 40 
ber. IL and an electrode, the electric charge reten- 
tion layer member IL may comprise such a ma- 
terial as capable to retain electric charges for a 
long time, thanks to an extremely high insulation 
resistance (for example, a silicone resin). Besides. 45 
such an electric charge retention member material 
IL, there are many electric charge retention layer 
members IL such as those of (1) a laminate of a 
conductive layer member and a dielectric layer 
member, (2) a laminate of an electric charge mobil- so 
ity suppression layer member (for example, thin 
layer of silicon dioxide or a thin layer of aluminium 
is used), a dielectric layer member and a pho- 
toconductive layer member, (3) a laminate of an 
electric charge mobility suppression layer member 55 
(for example, a thin layer of silicon dioxide or a thin 
layer of aluminium is used), a laminar structure 
comprising a dielectric layer member and fine 
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grains of a photoconductive substance and a pho- 
toconductive layer member, and (4) a laminate of a 
dielectric layer member, an optical modulation ma- 
terial layer member and a photoconductive layer 
member. Referring to Fig. 9, a disk-like electric 
charge Image recording medium D Is made rotat- 
ing by a rotary driving device not illustrated therein. 
A moving electrode Em is made moving in the 
direction of the anrow X in the figure (radial direc- 
tion of the disk-like electric charge image recording 
medium D) and contacting with the end of each 
electrode Ed, Ed composed in the insulation board 
BP in the electric charge image recording medium 
D. Between the moving electrode Em and a trans- 
parent electrode Etw in a recording head WH, a 
power source Vw is connected. The moving elec- 
trode Em, in contact sequentially with the end 
portions of electrodes Ed. Ed — constructed in the 
insulation board BP of the electric charge Image 
recording medium D, is moved in such a state as it 
Is electrically connected to an electrode Ed cor- 
responding to a recording track where a recording 
process is being operated by an electromagnetic 
radiation ray flux (laser light flux) PI containing a 
recording object information signal incident to the 
recording head WH In a recording operation. 

Therefore, with the recording/reproducing ap- 
paratus shown in Fig. 9, the moving electrode EM 
is moved sequentially to next recording track every 
time the electric charge image recording medium 
D revolves 1 turn, in correspondence to a recording 
track where a recording process is being operated 
by an electromagnetic radiation ray flux (laser light 
flux) PI containing a recording object information 
signal incident to the recording head WH. Thus, a 
discharge con'esponding to the electromagnetic ra- 
diation ray flux (laser light flux) PI containing the 
recording object information signal is made to take 
place only to the recording track where a recording 
operation is going on by the electromagnetic radi- 
ation ray flux (laser light flux) Pi containing the 
recording object information signal, by an electric 
field created by the power source Vw connected 
across the transparent electrode Etw in the record- 
ing head WH irradiated with the electromagnetic 
radiation ray flux (laser light flux) PI containing the 
recording object information signal, and an elec- 
trode Ed among others In the electric charge image 
recording medium D. 

Next, referring to Figs. 11 through 13, an em- 
bodiment of the present invention in a card-like 
(rectangular shape) electric charge image recording 
medium D is described. 

In Figs. 11 through 13. BP represents an in- 
sulation board In the electric charge image record- 
ing medium D, on which electrodes Ed, Ed — are 
provided in translation at predetermined pitch Pd 
as shown by the example of Fig. 11. In Fig. 11, the 
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layout pattern of many electrodes Ed, Ed — config- 
ured on the surface of the insulation board BP in 
the electric charge in^age recording medium D is 
clearly indicated by omitting to illustrate an electric 
charge retention layer member IL provided on the 
upper surface of the insulation board BP and many 
electrodes Ed, Ed — . In addition, it is also omitted 
to indicate a recording head WH which is shown in 
Figs. 12 and 13. Symbols e, e — shown in Fig. 11 
represent bent portions at the ends of electrodes 
Ed, Ed — . The moving electrode Em is provided to 
be movable in contact with these bent portions e. 

Fig. 12 is a view showing a side elevation at 
the A-A section in Rg. 1 1 , in which the illustration 
is simplified by describing the view as if an end of 
the power source Vw is connected to an electrode 
Ed. 

Also with the card-like electric charge image 
recording medium D as shown in Figs. 11 through 
13 as an example, it is needless to say that the 
electric charge retention layer member IL can be 
replaced with the same of a freely selected con- 
figuration as already described. 

Operations of recording and reproducing an 
information signal onto/from the card-like electric 
charge image recording medium D shown in Figs. 
11 through 13 takes place as follows. An elec- 
tromagnetic radiation ray flux (laser light flux) P1 is 
moved in the direction of the arrow shown in Fig. 
13 while performing a recording operation or re- 
producing operation from one end to the other end 
of a recording track. Then, the electromagnetic 
radiation ray flux (laser light flux) PI Is moved in 
the direction of the arrow X shown in Fig. 11 by a 
recording track interval while activating a recording 
operation or reproducing operation to the next one 
recording track. In synchronization with the moving 
of the electromagnetic radiation ray flux (laser light 
flux) PI in the direction of the arrow of Rg. 11 by a 
recording track interval, the moving electrode Em 
is also moved. The moving electrode Em, coming 
in contact with the ends of electrodes Ed, Ed — 
constructed in the insulation board BP in the elec- 
tric charge image recording medium D, is moved in 
such a state that It is electrically connected to an 
electrode Ed corresponding to a recording track 
where a recording process Is being operated by an 
electromagnetic radiation flux (laser light flux) PI 
containing a recording object information signal in- 
cident to the recording head WH during a record- 
ing mode. 

Therefore, also with the recording'reproducing 
apparatus the example of which is shown in Rgs. 
11 through 13. operating principles are the same 
as those of the apparatus already described refer- 
ring to Rg. 9. As illustrated in Rgs. 9 and 11, the 
moving electrode Em is moved sequentially to re- 
cording tracks in correspondence with a recording 



track at which a recording process is operated by 
the electromagnetic radiation ray flux (laser light 
flux) P1 containing a recording object information 
signal incident to the recording head WH. In the 

5 meantime, the power source Vw supplies an elec- 
tric field between the transparent electrode Etw In 
the recording head WH in which the electromag- 
netic radiation ray flux (laser light flux) PI contain- 
ing the recording object information signal enters 

70 and an electrode Ed with which the moving elec- 
trode Em is in contact among other electrodes Ed 
in the electric charge image recording medium D. 
Thus, a discharge takes place only at the recording 
track where a recording process is operated by the 

75 electromagnetic radiation ray flux (laser light flux) 
PI containing the recording object information sig- 
nal by this electric field in correspondence to the 
electromagnetic radiation ray flux (laser light flux) 
PI containing the recording object information sig- 

20 nal. 

In addition, the problem that it is not easy to 
make each electrode Ed having microscopic di- 
mensions at any time with the moving electrode 
Em can be advantageously solved by applying the 
25 resolution measures already described referring to 
Rg. 1. namely by using the moving electrode Em 
of such a size as satisfying the following Equation 
(A). 

L < Pd.N.T (A) 
30 When an automatic tracking control and an 
automatic focus control are to be applied to the 
recording/reproducing apparatus according to the 
present invention, a conventional technology shown 
in Rgs. 1 and 2 may be used. 
35 As already described in detail in the above, 
according to the present invention, the moving 
electrode Em is moved sequentially onto a record- 
ing track in correspondence to a recording track 
where a recording process is being performed by 
40 the electromagnetic radiation ray flux (laser light 
flux) PI containing a recording object information 
signal incident to the recording head WH. The 
power source Vw is connected between the trans- 
parent electrode Etw in the recording head WH in 
45 which the electromagnetic radiation ray flux (laser 
light flux) PI containing the recording object in- 
formation signal enters and an electrode Ed in 
contact with the moving electrode Em among other 
electrodes Ed in the electric charge image record- 
so ing medium D. The power source Vw creates an 
electric field which causes a discharge only at a 
recording track where a recording process is being 
performed by the electromagnetic radiation ray flux 
(laser light flux) PI containing the recording object 
55 information signal in correspondence to the elec- 
tromagnetic radiation ray flux (laser light flux) PI 
containing the recording object information signal. 
On the other hand, the recording track interval Tp 
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of the electric charge Image recording medium D 
and the width W of the recording head WH (W Is 
the width of the recording head WH In the direction 
of the width of a recording track in the electric 
charge image recording medium) take a relation- 
ship of W >*Tp. With a conventional 
recording/reproducing apparatus known in the prior 
art. if it takes a long time that a region of the 
electric charge image recording medium, to which 
the leading end of the recording head WH In the 
moving direction used to correspond upon begin- 
ning of a recording, becomes no longer opposing 
to the recording head WH, there was a problem as 
already described, that is, the potential of the pho- 
toconductive layer PCE in the recording head WH 
generally increased because of the occurrence of 
an electric charge image due to a dark current 
flowing for a long time, resulting In the deterioration 
of S/N in a recorded signal. The reason why such a 
problem occurs is described as follows. The power 
source Vw gives a voltage between the transparent 
electrode Etw of th^ recording head WH arranged 
opposing to a recording portion in the electric 
charge image recording medium D and the elec- 
trode E of the electric charge image recording 
medium D. Therefore, an electric field by the pow- 
er source Vw is always applied across the entire 
surface of the transparent electrode Etw of the 
recording head WH and the electric charge image 
recording medium D. As a result, an electric 
charge image is created also in a portion of the 
electric charge image recording medium D. oppos- 
ing to the portion of the photoconductive layer PCE 
in the recording head WH where a recording laser 
light flux is not given, because of long-time dark 
current. Thus, the potential of the electric charge 
image recording medium D generally increases 
while decreasing the S/N ratio of recorded data. 

In the electric charge image 
recording/reproducing apparatus shown In Fig, 14, 
D represents an electric charge image recording 
medium disk (electric charge image recording me- 
dium) and composed of the same configuration as 
the electric charge image recording medium D 
shown in Rg. 15. More explicitly, it comprises an 
electric charge retention layer member CHL 
{consisting of such a material as having an ex- 
tremely high insulation resistance to maintain elec- 
tric charges adhering thereon for a long time (for 
example, a silicone resin)}, an optical modulation 
material layer PML (a layer composed of for exam- 
pie single crystals of lithium niobate or liquid cry- 
stals), a photoconductive layer member PCL and 
electrodes E which are laminated on a substrate 
BP. 

The electric charge image recording medium D 
is rotated at a predetennnined revolution frequency 
by a rotary driving mechanism although not illus- 



trated. Referring to Fig. 14. PH represents an op- 
tical head which is driven by a carriage 101 in the 
radial direction of the electric charge image record- 
ing medium D (illustrating the detailed configuration 

6 of the carriage 101 is omitted). 

With the optical head PH shown in Fig. 14, 
numeral 102 means a semiconductor laser used as 
an electromagnetic radiation ray source. The semi- 
conductor laser 102 emits a laser light of which the 

70 intensity is modulated by a recording object in- 
formation signal when the electric charge image 
recording/reproducing apparatus is in a recording 
mode, while giving the light to a collimator lens 
103. When the electric charge image 

75 recording/reproducing apparatus is in a reproduc- 
ing mode, the laser emits a laser light of a pre- 
determined intensity and gives It to the collimator 
lens 103. 

in Fig. 14, numerals 104 - 106 mean beam 
20 splitters with other numerals 107 for an objective 
lens (condenser lens), 108 - 110 for lenses. Ill for 
a cylindrical lens and 112 - 114 for photoelectric 
converters. 

The objective lens 1 07 is provided to be driven 

25 and displaced in the optical axis direction of the 
objective lens by an actuator ACT in an automatic 
focus control system for the optical head PH. A 
moving electrode Em is integrated onto the objec- 
tive lens 107 via a connection member 116. A 

30 position of the moving electrode Em to be config- 
ured integratedly onto the objective lens 107 via 
the connection member 116 can be determined as 
follows for example. 

First, an objective lens of a microscope is 

35 focused at the position of a focal point of the 
objective lens 107 to which a laser light flux is 
incident. Next, the position of focusing the micro- 
scope is adjusted so that the focal point of the 
microscope is displaced from the focal point of the 

40 objective lens 107 by a predetermined distance 
along the optical axis of the objective lens towards 
the lens 107. While keeping the position of the 
objective lens 107 not changed, only the moving 
electrode Em is displaced to the focal point of the 

46 microscope as adjusted in the above, then the 
moving electrode Em is fixed onto the connection 
member 1 16 at that position. 

it is easily understood that the moving elec- 
trode Em is positioned at a predetemnined distance 

60 from the electrode E of the electric charge image 
recording medium D after completion of positioning 
the moving electrode Em as described above. 

The moving electrode Em is a transparent 
electrode which maintains transparency to a laser 

55 light transmitted through the objective lens 107. 
When the electric charge image 
recording/reproducing apparatus is set to a record- 
ing mode, the power source Vw is connected be- 
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tween the moving electrode Em and the electrode 
E of the electric charge image recording medium 
D, thus an electric field generated between both 
the electrodes E and Em being applied to the 
electric charge image recording medium D. 

When the electric charge image 
recording/reproducing apparatus is set to a record- 
ing mode, a laser light flux emitted from the semi- 
conductor laser 10 is intensity modulated by a 
recording object information signal while converted 
to a parallel beam by the collimator lens 103 and 
then focused onto the photoconductive layer mem- 
ber PCL in the electric charge image recording 
medium D after being transmitted through an op- 
tical channel of the beam splitter 104 objective 
lens 107 moving electrode EM — electric charge 
image recording medium D. 

When the electric charge image 
recording/reproducing apparatus is set to a record- 
ing mode, a voltage is given from the power source 
Vw between the moving electrode Em and the 
electrode of the electric charge image recording 
medium D (shown by a symbol E in Fig. 15), 
Therefore, when a laser light flux intensity-modu- 
lated by a recording object Information signal as 
described above is incident to the photoconductive 
layer PCL. the electric resistance in a portion to 
which the laser light flux is given in the photocon- 
ductive layer PCL decreases while creating a dis- 
charge in this portion towards the electric charge 
retention layer member CHL of the electric charge 
image recording medium D. Therefore, an electric 
image corresponding to the recording object in- 
formation signal is fonned on the surface of the 
electric charge retention layer member CHL in the 
electric charge image recording medium D. 

An operation of reading an electric charge im- 
age created in the electric charge retention layer 
member CHL of the electric charge image record- 
ing medium D is carried out as follows. The optical 
modulation material layer PML in the electric 
charge image recording medium D. comprising 
such a material as lithium niobate crystals, changes 
the plane of polarization of a light transmitted 
therein according to the effect of an electric field 
created by the electric charge image formed on the 
surface of the electric charge retention layer mem- 
ber CHL in the electric charge image recording 
medium D. Therefore, when the electric charge 
image recording/reproducing apparatus is set to a 
reproducing mode, a laser light flux is emitted from 
the semiconductor laser 102, transmitted through 
the collimator lens 103 and the beam splitter 104. 
given to the objective lens 107 and then projected 
from the objective lens 107 while maintaining a 
predetermined optical Intensity. The laser light flux 
then goes and returns through the optical modula- 
tion material layer PML in the electric charge im- 



age recording medium D and again enters the 
objective lens 107 as a light reflected from the 
electric charge image recording medium D. This 
reflected light retains a plane of polarization al- 

5 ready changed in conespondence to the electric 
charge image fomfied on the surface of the electric 
charge retention layer member CHL in the electric 
charge image recording medium D. 

The light reflected from the electric charge 

10 image recording medium D is reflected by the 
beam splitter 104 and then converted to a light in 
the state of altered optical intensity by an analyzer 
AL, and given to the beam splitter 105 through 
which the light is transmitted and given to a four- 

75 split photoelectric converter 1 12 via a lens 1 08 and 
a cylindrical lens 111. An output signal from the 
four-split photoelectric converter 1 1 2 is modified to 
a control signal in an automatic focus control sys- 
tem according to an astigmatism method already 

20 known in the prior art, and supplied to the actuator 
ACT of the automatic focus control system. 

The actuator ACT of the automatic focus con- 
trol system may be comprised of a type of which 
the configuration is already known in the prior art. 

25 In addition, it is also possible to generate a 
control signal of the automatic tracking control sys- 
tem from an output signal of the four-split pho- 
toelectric converter 112 and supply the control 
signal to the actuator of the automatic tracking 

30 control system. 

Among light components reflected at the beam 
splitter 108 and given to the beam splitter 106, an 
output signal component is transmitted in the beam 
splitter 106. transmitted through the lens 110. sup- 

35 plied to the photoelectric converter 114 and 
photoelectrically converted and output from the 
photoelectric converter 114, as a first component 
output signal. Among light components reflected by 
the beam splitter 105 and given to the beam split- 

40 ter 106, an output signal component is reflected by 
the beam splitter 106. transmitted through the lens 
109. supplied to the photoelectric converter 113 
and photoelectrically converted and output from the 
photoelectric converter 113, as a second output 

45 signal component. These first and second output 
signal components are supplied to a differential 
circuit, although not illustrated, and used as a de* 
tection signal of a high S/N ratio. 

According to the electric image 

50 recording/reproducing apparatus of the present in- 
vention as described above, a laser light flux is 
converged by the objective lens 107 driven and 
displaced by the actuator ACT In the automatic 
focus control system in the optical axis direction. At 

55 that time, the laser light flux is always focused on 
the photoconductive layer member PCL in the 
electric charge image recording medium D. There- 
fore, the moving electrode Em configured integ- 
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ratedly with the objective lens 107 is also posi- 
tioned at a predetermined distance from the point 
of converging the laser light flux, at any time. 
Therefore, a distance between the moving elec- 
trode Em and the electric charge image recording 
medium D is maintained constant even if the sur- 
face of the electric charge image recording me- 
diunn D may deflect, thus positioning the electric 
charge image recording medium D always in the 
electric field of a predetermined field intensity. 

As described in detail in the above, the moving 
electrode Em in the electric image 
recording/reproducing apparatus according to the 
present invention is positioned always at a pre- 
determined distance towards the converging point 
of a laser light flux condensed by the objective lens 
7 driven and displaced by the actuator ACT in the 
automatic focus control system in the direction of 
the optical axis. Consequently, a distance between 
the moving electrode Em and the electric charge 
Image recording medium E is maintained constant 
even when the surface of the electric charge image 
recording medium D may deflect while positioning 
the electric charge image recording medium D in 
the electric field of a predetermined field Intensity, 
at any time. In addition, according to the present 
invention, a distance between the electric charge 
image recording medium and the moving electrode 
can be set easily in the optical head side. Further- 
more, the position of the moving electrode is con- 
trolled by the actuator ACT in the automatic focus 
control system. Therefore, a spacing between the 
electric charge image recording medium and the 
moving electrode can be maintained by a system 
in a simple configuration, in such an order of al- 
lowances as measurable only by a micrometer. 

Figs. 19 through 22 are plan views to describe 
an electric charge image pattern for controlling 
tracking in the electric charge image recording 
medium according to the present invention. The 
electric charge image pattern illustrated In Figs. 19 
through 22 for tracking control are recorded and 
formed in the electric charge Image recording me- 
dium D shown in Fig. 23, in the electric charge 
retention layer member CHL in the electric charge 
image recording medium D comprising a laminate 
of a substrate BP. an electrode E, a photoconduc- 
tlve layer member PCL. an optical modulation ma- 
terial layer member PML and an electric charge 
retention layer member CHL. 

In the electric charge image recording medium 
D shown in Rg. 23, the electric charge retention 
layer member CHL comprises a material having 
such an extremely high insulation resistance as 
capable to maintain an electric charge image cre- 
ated therein (for example, a silicone resin). In addi- 
tion, the photoconductive layer member PCL com- 
prises an electric charge generating layer where 
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electric charges are created by recording elec- 
tromagnetic radiation rays and an electric charge 
transmitting layer where electric charges created In 
the electric charge generating layer are transmit- 

5 ted, the electric charge generating and transmitting 
layers being laminated together. Or, the optical 
modulation material layer member PML may com- 
prise for example lithium niobate single crystals or 
liquid crystals and other optical modulation materi- 

10 als. 

Fig. 23 shows an example configuration of the 
electric charge retention layer member CHL in the 
electric charge image recording medium D. in 
which an electric charge image pattern for tracking 

75 control shown by a drawing symbol 241 in Figs. 19 
through 22 is created. More explicitly, the electric 
charge image pattern 41 may also be modified in 
various ways such as the electric charge image 
pattern 241 based on a continuous pattern at each 

20 position separated by a predetermined recording 
track interval to adjacent as shown in an example 
of Fig, 19, an electric charge image pattern 241 
based on an intermittent pattern separated by a 
predetermined recording track interval as shown in 

25 an example of Fig. 21 . or an electric charge image 
pattern 241 based on such a zigzag pattern as 
shown in an example of Fig. 22. These patterns 
can be created as follows, for example. A mask 
member provided with any of the predetermined 

30 patterns Is used to irradiate a light into the electric 
charge image recording medium via a transparent 
electrode. In this state, a predetermined voltage is 
applied to the transparent electrode and the elec- 
trode E in the electric charge image recording 

35 medium D. thereby creating an electric image pat- 
tern for tracking control as shown by the drawing 
symbol 241 in the electric charge image recording 
medium D shown in Fig. 19 through 22. 

According to another method of creating an 

40 electric charge image pattern, in the state of giving 
a predetermined voltage across the electrode E in 
the electric charge image recording medium 0 and 
the transparent electrode, a laser light which is 
controlled to scan and describe a predetermined 

45 pattern on the electric charge image recording me- 
dium is irradiated through the transparent elec- 
trode. Thus, an electric charge image pattern for 
tracking control as shown by the drawing symbol 
241 in Figs. 19 through 22 is easily created on the 

50 electric charge image recording medium D. 

Fig. 22A (a) - (c) shows processes of forming a 
tracking pattern using a mask. Rgures (a), (b) and 
(c) show a mask creating process, a process of 
providing a transparent electrode on the mask and 

55 a process of recording an optically modulated in- 
formation signals, respectively. Refen'ing to the 
Figure (a), a mask member M is deposited on a 
board BP by sputtering, etc. thus creating a film. 
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The mask member M should preferably be in- 
sulative, A photo-resist R is coated on the mask 
member M on which the output light of a laser 251 
Is irradiated using a cutting head 250 through a 
collimator lens 252 and an objective lens 253, onto 
the photo-resist R. By modulating and scanning the 
output light of the laser 251 , it is possible to create 
a binary Image or multi-graduation image using 
mesh point, besides tracks. 

After completion of exposing, the photo-resist 
on a non-exposed portion (or exposed portion) is 
washed off and processed by an etching liquid, 
thereby leaving only a required portion on the 
mask member M, as required to create tracks. The 
mask member M is cleaned to remove unnec- 
essary portions and then coated with a transparent 
electrode Etw as shown in the Figure (b). 

Thus created mask is turned up side down as 
shown in the figure (c) and placed on a recording 
medium and exposed. More explicitly, symbol D in 
the figure represents a recording medium compris- 
ing an electric charge retention layer IL, an optical 
modulation material layer PML, a photoconductive 
layer PCE. an electrode E and a board BP. A 
spacer S is set on the medium D, on which the 
mask is set and exposed. 

Next, refenring to Fig. 23. the 
recording/reproducing apparatus of the electric 
charge image recording medium according to the 
present invention is described. The electric charge 
image recording medium D In Rg. 23 is rotated at 
a predetermined revolution frequency by a rotary 
driving mechanism not illustrated. 

In Rg. 23. PH represents an optical head which 
is moved in the radial direction of the electric 
charge image recording medium D by a carriage 
24 (illustrating a detailed configuration of the car- 
riage 24 is omitted). With the optical head PH 
shown in Rg. 23. numeral 225 represents a semi- 
conductor laser which emits a laser light of which 
the intensity is modulated by a recording object 
information signal when the electric charge image 
recording/reproducing apparatus is set to a record- 
ing mode and gives the light to the collimator lens 
226. When the electric charge image 
recording/reproducing apparatus is set to a repro- 
ducing mode, the semiconductor laser emits a la- 
ser light of a predetermined intensity and gives it 
to the collimator lens 226. Meaning of numerals in 
Rg. 23 is 227, 230 and 231 for beam splitters, 228 
for a 1/2 wave plate. 229 for an objective lens 
(condenser lens), 232 - 234 for lenses. 235 for a 
cylindrical lens. 236 for a 4-sp!it optical detector, 
and 237 and 238 for photoelectric converters. 

The objective lens 229 is provided to be driva- 
ble and displacable in the optical axis direction by 
actuator in the automatic focus control system for 
the optical head PH. In addition, the objective lens 



229 can be driven and displaced in the direction 
orthogonal to the extension of recording tracks by 
the actuator in the automatic tracking control sys- 
tem. Each of the actuators in the automatic focus 

5 control system and the automatic tracking control 
system may be composed for example of an al- 
ready known moving coll type actuator which is 
controled to drive and displace in 2-axis directions 
which has been used widely in various apparatuses 

70 such as a compact disk player. (ACT in Rg. 23 
represents a position of installing an actuator of 
driving and displacing the objective lens 229, al- 
though illustrating the detailed configuration thereof 
is omitted.) 

15 A moving electrode Em is provided integrated- 
ly onto the objective lens 229 through a connection 
member 239. The position of the moving electrode 
Em to be configured integratedly onto the objective 
lens 229 via the connection member 239 can be 

20 determined as before described. 

Now, detailed operations of tracking control in 
a recording mode are described as follows. 

In the electric charge image 
recording/reproducing apparatus shown in Rg. 23, 

25 an electric charge image pattern for tracking con- 
trol, as shown in the example of the drawing sym- 
bol 41 in Rgs. 19 through 22, is created before- 
hand in the electric charge image recording me- 
dium D used to record a recording object informa- 

30 tion signal in the form of an electric charge Image. 

A recording laser light flux of which the inten- 
sity is modulated by the recording object informa- 
tion is focused onto the photoconductive layer 
member PCL in the electric charge image record- 

35 ing medium D by the objective lens 229 as already 
described. The electrical resistance in the portion 
to which the laser light flux is given in the pho- 
toconductive layer PCL decreases so much as a 
discharge occurs between the moving electrode 

40 Em and the electric charge retention layer member 
CHL In the electric charge image recording me- 
dium D. As a result, an electric charge image is 
created on the surface of the electric charge reten- 
tion layer member CHL in the electric charge im- 

45 age recording medium D in correspondence to the 
recording object information. At the same time, the 
recording laser light flux reflected by the electrode 
E enters the beam splitter 227 after being transmit- 
ted through an optical path such as the photocon- 

50 ductive layer member PCL — optical modulation 
material layer member PML — electric charge re- 
tention layer member CHL — moving electrode Em 
— objective lens 229 -* beam splitter 227. A reflec- 
tion light from the electric charge image recording 

55 medium D is such one as going and returning the 
optical modulation material layer member PML in 
the electric charge image recording medium D. 
The polarization plane thereof is in the state of 
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revolving in correspondence with the intensity of an 
electric field applied to the photo modulation ma- 
terial layer member PML comprising for example 
lithium niobate crystals. 

In addition, an electric field by an electric 
charge image pattern is also applied to the optical 
modulation material layer member PML for tracking 
control as shown in the example of a drawing 
symbol 241 in Figs. 19 through 22, since the image 
pattern has been created beforehand In the electric 
charge image recording medium D, Therefore, a 
light reflected from the electric charge image re- 
cording medium D also contains a tracking control 
information signal already recorded and formed in 
the electric charge Image recording medium D. 

The reflection light from the electric charge 
image recording medium D enters the beam split- 
ter 227 at which the light is reflected, and is 
transmitted through and output from an analyzer 
AL. The output light represents a light intensity in 
con^espondence to the amount of polarization plane 
revolution created when it is transmitted through 
the optical modulation material layer member PML 
in the electric charge image recording medium D. 

The output light from the analyzer AL enters 
the beam splitter 230 through which the light is 
transmitted, and is supplied to the four-split 
photodetector 236 via the lens 230 and the cylin- 
drical lens 235. However, a light reflected at the 
beam splitter 230 and incident to the 1/2 wave 
plate 228. when the electric charge Image 
recording/reproducing apparatus is operating in a 
recording mode, does not contribute to an effective 
operation of the apparatus. 

The four-split optical detector 36 comprises 
four photoelectric conversion elements PDa - PDd 
as shown in the example of Rg. 24. Among output 
signals Sa - Sd from these four photoelectric con- 
version elements PDa -PDd In the configuration of 
the four-split optical detector, the output signal Sa 
from the photoelectric conversion element PDa and 
the same Sc from the element PDc are added by 
the adder ADD1, In addition, among output signals 
Sa - Sd from four photoelectric conversion ele- 
ments PDa • PDd In the configuration of the four- 
split optica! detector 36, the output signal Sb from 
the photoelectric conversion element PDb and the 
same Sd from the element PDd are added by the 
adder ADD4. 

The output signal (Sa + Sc) from the adder 
ADD1 and the same (Sb + Sd) from the adder 
ADD4 are operated in a subtracter SUBt for sub- 
traction to output a tracking control signal of (Sa + 
Sc) - (Sb * Sd) to the output terminal 243 from the 
subtracter SUBt. The tracking control signal Is 
phase-compensated in a phase compensation cir- 
cuit and then supplied to the actuator ACT which 
drives and displaces the focusing lens 229 in the 



direction orthogonal to the extension of recording 
tracks for tracking control. Furthermore, among out- 
put signals Sa - Sd from four photoelectric conver- 
sion element PDa - PDd in the configuration of the 

5 four-Split optical detector 236, the output signal Sa 
from the photoelectric conversion element PDa and 
the same Sd from the element PDd are added by 
the adder AD02. In addition, among output signals 
Sa - Sd from four photoelectric conversion ele- 

10 ments PDa - PDd in the configuration of the four- 
split optical detector 236, the output signal Sb from 
the photoelectric conversion element PDb and the 
same Sc from the element PDc are added by the 
adder ADD3. 

75 The output signal (Sa + Sd) from the adder 
ADD2 and the same (Sb + Sc) from the adder 
ADD3 are operated by the subtracter SUBf for 
subtraction to output a focus control signal (Sa + 
Sd) - (Sb + Sc) to the output temainal 242 from the 

20 subtractor SUBf. The focus control signal is sup- 
plied to the actuator ACT which drives and dis- 
places the focusing lens 229 in the optical axis 
direction of the focusing lens 229 for focus control. 
Figs. 19 and 20 show examples of continuous 

25 electric charge image patterns for tracking control 
as recorded beforehand in the electric charge re- 
tention layer member CHL of the electric charge 
image recording medium D. On the other hand, 
Rgs. 21 and 22 indicate examples of intermittent 

30 such patterns. In any case out of those shown in 
Rgs. 19 through 22, the tracking control operation 
performed by reading an electric charge image 
pattern for tracking control is operable in the same 
manner. 

35 Fig. 19 shows the example of a tracking control 
state in which an electric charge image according 
to a recording object information signal is recorded 
in superposition to the electric charge image pat- 
tern for tracking control as recorded beforehand in 

40 the electric charge retention member material CHL 
of the electric charge image recording medium D. 

Figs. 20 through 22 show the example of an- 
other tracking control state, in which an electric 
charge image according to a recording object in- 

45 formation signal is recorded in superposition to an 
intermediate position between adjacent electric 
charge image patterns for tracking control as re- 
corded and created beforehand In the electric 
charge retention layer member CHL of the electric 

60 Charge image recording medium D, 

Next, the electric charge image created by the 
recording object information signal in the electric 
charge retention layer member CHL of the electric 
charge image recording medium D by the method 

55 described above can be read out by the following 
operation. 

The optical modulation material layer PML in 
the electric charge image recording medium D 
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comprises for example such a material as lithium 
niobate crystals and changes the polarization plane 
of a light transmitted therein by an electric field 
due to an electric charge image created on the 
surface of the electric charge retention layer mem- 
ber CHL in the electric charge image recording 
medium D. Therefore, when the electric charge 
image recording/reproducing apparatus is set to a 
reproducing mode and the semiconductor laser 
225 emits a laser tight flux of a predetermined 
intensity, the laser light flux Is transmitted through 
the collimator lens 226 and the beam splitter 204. 
given to the objective lens 229 and then output 
from the objective lens 229. The laser light flux is 
transmitted back and forth through the optical mod- 
ulation material layer PML of the electric charge 
image recording medium D and then enters the 
objective lens 229 as a reflection light from the 
electric charge image recording medium D. The 
reflection light is in such a state as the polarization 
plane thereof has been already changed in cor- 
respondence to an electric charge image formed 
on the surface of the electric charge retention layer 
member CHL in the electric charge image record- 
ing medium D. The reflection light from the electric 
charge Image recording medium D is reflected at 
the beam splitter 227 and the intensity thereof has 
been changed in the analyzer AL. After that, the 
reflection light is given to the beam splitter 230 and 
applied to the four-split photoelectric converter 236 
via the lens 232 and the cylindrical lens 235. The 
output signal from the four-split photoelectric con- 
verter 236 is used to generate control signals for 
the automatic tracking control system and the auto- 
matic focus control system as already described 
referring to Fig. 24, and then supplied to the ac- 
tuator ACT which activates an automatic tracking 
control operation and an automatic focus control 
operation to the focusing lens 229. 

Among light components reflected by the 
beam splitter 230 and then given to the beam 
splitter 231 via the 1.-2 wave plate 228, a first 
output signal component Is transmitted through the 
beam splitter 231 and supplied to the photoelectric 
converter 238 via the lens 234, where the output 
signal component is photoelectrically converted 
and output therefrom. Among the optical compo- 
nents reflected by the beam splitter 230 and given 
to the beam splitter 231, a second output signal 
component Is reflected at the beam splitter 231 
and supplied to the photoelectric converter 237 via 
the lens 233. where the output signal component is 
photoelectrically converted and output therefrom. 
The first and second output signal components are 
then supplied to the subtracter shown in Fig. 25 
and output to the output terminal 243 as a repro- 
duced signal. 

With the electric charge image 



recording/reproducing apparatus according to the 
present invention as shown in Fig. 23. it is possible 
to facilitate a high-density recording even during an 
infomnation recording operation onto an electric 

6 charge image recording medium, by means of a 
tracking control operation performed by using an 
automatic tracking control signal created by read- 
ing an electric charge image pattern for tracking 
control as recorded beforehand in an electric 

70 charge retention layer member of the electric 
charge image recording medium D. Furthermore, a 
laser light flux is focused into a converging point 
by the objective lens 229 driven and displaced In 
the direction of the light axis by means of the 

75 actuator ACT in the automatic focus control sys- 
tem. The converging point is located always in the 
photoconductive layer member POL in the electric 
charge image recording medium D. Therefore, the 
moving electrode Em configured integratedly with 

20 the objective lens 229 is located always at a pre- 
determined distance towards the converging point 
of a laser light flux. Even when the surface of the 
electric charge image recording medium D may 
deflect, a distance between the moving electrode 

25 Em and the electric charge image recording me- 
dium E is maintained constant, thereby making the 
electric charge image recording medium D posi- 
tioned at any time in the electric field of a predeter- 
mined field Intensity. 

30 Since the present invention is configured as 
described above, a high-density recording can be 
easily operated in a recording mode, under a track- 
ing control operation. Also, the electric charge im- 
age recording medium itself is provided with a 

35 photoconductive layer member required in a re- 
cording operation and an optical modulation ma- 
terial layer member required in a reading operation. 
In addition, the recording/reproducing head used in 
a recording or reproducing operation comprises a 

40 moving electrode of a simple configuration. There- 
fore, it is also easy to have an advantageous re- 
cording state no matter how the surface of the 
electric charge Image recording medium may de- 
flect, by making the moving electrode movable 

45 integratedly with the focusing lens. Moreover, a 
pattem for tracking control is recorded and created 
beforehand in the electric charge image recording 
medium, by means of an electric charge image. 
Consequently, compared to a conventional optical 

50 disk with a pre-groove, there are much less restric- 
tions in composition materials of a recording me- 
dium. It is also possible to use such a recording 
medium composed as a transparent type. 

First, referring to Rgs. 27 and 29. D denotes 

55 an electric charge image recording medium com- 
prising a laminate of an electrode E, a photocon- 
ductive layer member PCL. an optical modulation 
material layer member PML, a dielectric dichroic 
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mirror DML and an electric charge retention layer 
member CHL laminated on a substrate BP. Also 
referring to Fig. 30. D represents an electric charge 
image recording medium comprising a laminate of 
a grooved electrode Eg, a photoconductlve layer 
member PCL. an optical modulation material layer 
member PML, a dielectric dichroic mirror DML and 
an electric charge retention layer member CHL 
laminated on a substrate BP. 

In the electric charge image recording medium 
D shown in the foregoing figures, the electric 
charge retention layer member CHL comprises a 
material having such an extremely high insulation 
resistance as capable to retain an electric charge 
image created thereon for a long time (for example, 
a silicone resin). The photoconductlve layer mem- 
ber PCL in use comprises a laminate of an electric 
charge generating layer and an electric charge 
transmission layer using such a material as having 
a sensitivity to an electromagnetic radiation ray in a 
first wavelength for recording and not having a 
sensitivity to an electromagnetic radiation ray in a 
second wavelength for reproducing. The optical 
modulation material layer member PML in use may 
be composed of such an optical modulation ma- 
terial for example as single crystals of lithium 
niobate or liquid crystals. 

The electric charge retention layer member 
CHL in the electric charge image recording me- 
dium D in such a configuration as shown in the 
examples of Figs. 27 and 29 may comprise any of 
the following electric charge image patterns for 
tracking control; an electric charge image pattern 
by a continuous pattern at each position separated 
by a predetermined recording track interval; an 
electric charge image pattern by an intermittent 
pattern separated by a predetermined recording 
track interval; and an electric image pattern by 
such a pattern as arranged in a zigzag form sepa- 
rated by predetermined recording track intervals. 
The electric charge image pattern can be easily 
created by any of the following methods for exam- 
ple; when a light is irradiated onto an electric 
charge image recording medium through a mask 
member and a transparent electrode which are 
provided with the predetermined patterns, a pre- 
determined voltage is applied to the transparent 
electrode and the electrode E in the electric charge 
image recording medium D, therefore an electric 
charge image pattern for tracking control is created 
in the electric charge image recording medium D; 
or, when a predetermined voltage Is applied across 
the electrode E of the electric charge image re- 
cording medium D and the transparent electrode, 
an electromagnetic radiation ray which is driven to 
scan a predetermined pattern on the electric 
charge image recording medium (hereinafter, an 
electromagnetic radiation ray is sometimes de- 



scribed as a laser light) is irradiated through the 
transparent electrode thus creating an electric 
charge image pattern for tracking control on the 
electric charge image recording medium D. 

5 Referring to Fig. 26, numerals 301 and 305 

represent semiconductor lasers which emit laser 
lights of different wavelengths. In the following de- 
scription, the semiconductor laser 301 is defined to 
emit a laser light of a first wavelength (tor example, 

10 670 nm), while the semiconductor laser 305 being 
assumed to emit a laser light of a second 
wavelength (for example. 830 nm). Numerals 302 
and 306 represent collimator lenses while numeral 
303 denotes a filter which can emit an output laser 

75 light after attenuating a laser light entered in the 
collimator lenses down to a predetermined inten- 
sity. Other numerals represent various devices as 
follows; 304, 309 and 315 for beam splitters. 307 
for a prism to compensate a sectional shape of a 

20 light beam. 308 for an optical member comprising 
an example shown in Fig. 28, 310 and 314 for 
lenses, 311 for a cylindrical lens, 312 for a four- 
split type optical detector, 313 for a half 
wavelength plate. 316 and 317 for optical detectors. 

25 Also referring to Rgs. 27 through 30. numeral 
18 represents an objective lens, while numeral 319 
and symbols ACT and Em indicating a connection 
member, actuator and a transparent electrode, re- 
spectively. 

30 Fig. 27 is a view of an optical member 8 shown 
in Fig. 26 (also shown in Fig. 28 in an oblique view) 
which is rotated around a revolution axis connect- 
ing planes a and b in Fig. 26 by an angle of 90 ' . 
In order to cleariy Indicate relationships between 

35 the optical member 308 and the objective lens 318, 
transparent electrode Em. connection member 319 
and the electric charge image recording medium D. 
etc. Each plane of the optical member 308 shown 
in Figs. 26 through 28 is symbolized by the same 

40 character, any of the drawing symbols a - f, there- 
by indicating relationships between each figure. 

The electric charge image 
recording/reproducing apparatus shown In Fig. 26 
(and Fig. 27) takes a slightly different configuration 

45 of component devices depending on whether a 
recording and reproducing object electric charge 
image recording medium D is composed Into a 
configuration as shown in the example shown in 
Rgs. 27 and 29 or the examples shown in Rg. 30. 

50 First, it is assumed that the configuration of a 
recording and reproducing object electric charge 
image recording medium D is as shown in the 
example of Figs. 27 and 29, that is. an electric 
charge image recording medium D with a planar 

55 electrode E Is used, while recording and reproduc- 
ing operations by using an electric charge image 
pattern recorded in an electric charge retention 
layer member CHL in the electric charge Image 

17 
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recording medium D for tracking control operation, 
of which detailed functions and operations are de- 
scribed as follows. 

Referring to Fig. 29, P11 represents a laser 
light flux in a first wavelength emitted from the 5 
semiconductor laser 301 of Fig. 1 (a wavelength of 
670 nm for example). The laser light flux P1 1 of the 
first wavelength is converged by the objective lens 
318 into a recording laser light flux P11 of which 
the intensity is modulated by a recording object io 
information signal, while being focused in the elec- 
tric charge generating layer of the photoconductive 
layer member PCL in the electric charge image 
recording medium D. P12 shown in Fig. 29 is a 
laser light flux of a second wavelength emitted 75 
from the semiconductor laser 305 in Fig. 1 (for 
example, a wavelength of 830 nm). The laser light 
flux PI 2 of the second wavelength is focused by 
the objective lens 318 near a dielectric dichrolc 
mirror DML in the electric charge image recording 20 
medium D. 

In the electric charge image 
recording/reproducing apparatus shown In Fig, 26 
(including Fig. 27), the laser light flux P11 of the 
first wavelength (for example, a wavelength of 670 as 
nm) emitted from the semiconductor laser 301 in 
such a state as the intensity is modulated by a 
recording object information signal is converted to 
a parallel light by the collimator lens 302 and then 
supplied to the filter 303. The filter 303 is a filter 30 
used to attenuate the intensity of the laser light flux 
P11 of the first wavelength down to an intensity 
suitable for recording signals into the electric 
charge image recording medium D. The reason 
why the laser light beam P11 of the first 35 
wavelength emitted from the semiconductor laser 
301 by the filter 303 is as follows. 

The range of intensities of a laser light to be 
used to record multi-valve information in the elec- 
tric charge image recording medium in order to 40 
realize super-high density recording is determined 
in correspondence to the sensitivity characteristics 
of the photoconductive layer member used in re- 
cording. On the other hand, when multiple values 
are recorded in the electric charge image recording 45 
medium, the semiconductor laser must emit a laser 
light flux of intensities corresponding to multiple 
recording levels. It is well known that the minimum 
intensity of light emitted from a semiconductor 
laser Is limited by its threshold current. For exam- so 
pie. the range of intensities of a laser light to be 
used for multi-value recording information signals 
in the electric charge image recording medium, in 
correspondence to the sensitivity characteristics of 
the photoconductive layer member, is less than 55 
1.1000 of the intensity of the laser light emitted 
from the semiconductor laser when the semicon- 
ductor laser is stably oscillating. Consequently, the 



laser light flux P1 1 of the first wavelength emitted 
from the semiconductor laser 301 is attenuated by 
the filter 303. The laser light flux P1 1 emitted from 
the filter 303 is reflected towards a prism 307 for 
correcting its profile by a beam splitter 304. The 
laser light flux P1 1 for recording, having corrected 
profile is entered into the surface a or the optical 
member 308 (see Fig. 28) and reflected on the 
surface b of the optical member 308 and then 
entered into the objective lens 318. 

The objective lens 318 is configured so as to 
be driven and displaced in the optical axis direction 
of the objective lens by the actuator in the auto- 
matic focus control system. In addition, it is also 
provided that the lens 318 can be driven and 
displaced In the direction orthogonal to the exten- 
sion of a recording track by the actuator In the 
automatic tracking control system. The actuators 
used in the automatic focus control system and the 
automatic tracking control system may comprise, 
for example, already known moving coil type ac- 
tuators which are controllable in two-axis directions 
for driving and displacing, as widely used accord- 
ing to the prior art in such applications as compact 
disk players. ACT in Figs. 26. 29 and 30 shows the 
position of mounting an actuator of driving and 
displacing the objective lens 318. However, illus- 
trated description for more practical configuration is 
omitted therein. 

The objective lens 318 is provided integratedly 
with a moving electrode Em via a connection mem- 
ber 319. The position of the moving electrode Em 
to be configured integratedly onto the objective 
lens 318 via the connection member 319 can be 
determined for example as follows. 

Then, position of the moving electrode Em can 
be set at a predetermined distance from the elec- 
trode E of the electric charge image recording 
medium D. 

The moving electrode Em is a transparent 
electrode the transparency of which is effective to 
a laser light transmitted through the objective lens 
318. When the electric charge image 
recording/reproducing apparatus is set to a record- 
ing mode, a power source Vw is connected be- 
tween the moving electrode Em and the electrode 
E of the electric charge Image recording medium 
D. in which an electric field is generated across 
both the electrodes E and Em and given to the 
electric charge image recording medium D. 

When the electric charge image 
recording/reproducing apparatus is set to a record- 
ing mode, a laser light flux emitted from the semi- 
conductor laser 301 is intensity-modulated accord- 
ing to a recording object information signal, trans- 
mitted through the optical path and the objective 
lens 318 and focused in an electric charge generat- 
ing layer in the photoconductive layer member PCL 
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of the electric charge image recording medium D. 

In such a state as the electric charge image 
recording/reproducing apparatus is set to a record- 
ing mode, the voltage source Vw gives a voltage 
between the moving electrode Em and the elec- 
trode in the electric charge image recording me- 
dium D (as shown by a symbol E in Fig. 29), as 
described above. Therefore, when a laser light flux 
of which the intensity is modulated according to a 
recording object information signal as described 
above is incident to the photoconductive layer PCL, 
the electrical resistance in the portion to which the 
laser light flux is given in the photoconductive layer 
PCL decreases so much as a discharge occurs at 
the portion towards the electric charge retention 
layer member CHL in the electric charge image 
recording medium D. Thus, an electric charge im- 
age in conrespondence to the recording object in- 
formation signal is created on the surface of the 
electric charge retention layer member CHL In the 
electric charge image recording medium D. 

In a reproducing mode, referring to Fig, 26, a 
laser light flux P12 of a second wavelength (for 
example, a wavelength of 830 nm) as emitted from 
the semiconductor laser 305 is converted to a 
parallel light into a reproducing laser light flux P12 
of a predetermined intensity by the collimator lens 

306. transmitted through a beam splitter 304 and 
entered into a beam section shape correction prism 

307. the reproducing laser light flux Pi 2 of which 
the beam profile has been corrected by the beam 
section shape correction prism 307 is entered into 
the surface a of the optical member 308 (see Fig. 
28). reflected at the surface b of the optical mem- 
ber 308 and then entered into the objective lens 
318. 

Then, the reproducing laser light flux P12 en- 
ters the electric charge image recording medium D 
via the moving electrode Em in the state of being 
converged by the objective lens 318. The repro- 
ducing laser light PI 2 is transmitted through the 
electric charge retention layer member CHL and 
the optical modulation material layer member PML 
in the electric charge image recording medium D 
and then focused near the dielectric dichroic mirror 
DML. Next, the reproducing laser light PI 2 is re- 
flected at the dielectric dichroic mirror DML, trans- 
mitted through the optical modulation material layer 
member PML and the electric charge retention 
layer member CHL and emitted the electric charge 
image recording medium D. 

The light emitted from the electric charge im- 
age recording medium D is a light going and 
returning in the optical modulation material layer 
member PML In the electric charge image record- 
ing medium D. The polarization plane thereof is in 
the state of revolving in correspondence to the 
Intensity of an electric field applied to the optical 



modulation material layer member PML comprising 
such a material as lithium niobate for example. 

Furthermore, an electric field due to an electric 
charge image pattern recorded and created In the 

5 electric charge retention member CHL of the elec- 
tric charge image recording medium D is also 
applied to the optical modulation material layer 
member PML. Therefore, a reflection light from the 
electric charge image recording medium D in- 

10 eludes an information signal for tracking control. 

In such a manner as described above, the 
reflection light of a reproducing laser light flux 
emitted from the electric charge image recording 
medium D and entering the objective lens 318 via 

Ts the moving electrode Em enters the optical mem- 
ber 308 from the surface f of the optical member 
308 (see Fig. 28) and then reflected at the surfaces 
b and g while being emitted from the surface c and 
entered Into the beam splitter 309 via the analyzer 

20 AL. 

The light entering the beam splitter 309 from 
the analyzer AL is modulated in such a state as 
showing a light quantity in correspondence to a 
revolution quantity of a polarization plane created 

25 when the light passes the optical modulation ma- 
terial layer member PML in the electric charge 
image recording medium D. The light reflected at 
the beam splitter 309 is supplied to the four-split 
optical detector 312 via a lens 310 and a cylindrical 

30 lens 311. When the electric charge image 
recording/reproducing apparatus is operated in a 
recording mode, a light is entered in a half 
wavelength plate 313 via the beam splitter 309. 
However, the light does not contribute to the effec- 

35 tive operation of the apparatus. 

The four-split optical detector 312 comprises 
an an^angement of four optoelectric conversion ele- 
ments PDa - PDd as shown In the example of Fig. 
24. Among output signals Sa • Sd from four op- 

40 toelectric conversion elements PDa - PDd configur- 
ing the four-split optical detector 312, the output 
signal Sa from the optoelectric conversion element 
PDa and the output signal Sc from the optoelectric 
conversion element PDc are added by the adder 

45 ADD1. Also among output signals Sa - Sd from 
four optoelectric conversion elements PDa - PDd 
configuring the four-split optical detector 312. the 
output signal Sb from the optoelectric conversion 
element PDb and the output signal Sd from the 

50 optoelectric conversion element PDd are added by 
the adder ADD4. 

An output signal (Sa + Sc) from the adder 
ADD1 and an output signal (Sb + Sd) from the 
adder ADD4 are operated for subtraction by the 

55 subtracter SUBt to output a tracking control signal 
(Sa + Sc) - (Sb + Sd) at the output terminal 321. 
The tracking control signal is phase-compensated 
In a phase compensation circuit and then supplied 



1Q 



37 EP 0 398 656 A2 38 



to the actuator ACT which drives and displaces the 
focusing lens 318 in the direction orthogonal to the 
extension of a recording track, for tracking control. 

In addition, among output signals. Sa - Sd from 
four optoelectric conversion elements PDa • PDd 
configuring the four-split optical detector 312, the 
output signal Sa from the optoelectric conversion 
element PDa and the output signal Sd from the 
optoelectric conversion element POd are added by 
the adder ADD2. Also among output signals Sa • 
Sd from four optoelectric conversion elements PDa 
- PDd configuring the four-split optical detector 
312. the output signal Sb from the optoelectric 
conversion element PDb and the output signal Sc 
from the optoelectric conversion element PDc are 
added by the adder ADD3. 

An output signal (Sa + Sd) from the adder 
ADD2 and an output signal (Sb + Sc) from the 
adder ADD3 are operated for subtraction by the 
subtracter SUBf which outputs a focus control sig- 
nal (Sa + Sd) - (Sb + Sc) at the output terminal 
320. The focus control signal Is supplied to the 
actuator ACT which drives and displaces the focus- 
ing lens 318 in the optical axis direction of the 
focusing lens 318 for focus control 

Thus, automatic tracking control and automatic 
focus control operations are activated to the focus- 
ing lens 318. The light given to the beam splitter 
315 after being transmitted through the beam split- 
ter 309. 1'2 wave plate 313 and then the lens 314 
contains a first output signal and a second output 
signal as follows; the first output signal is transmit- 
ted through the beam splitter 315 and then sup- 
plied to the photoelectric converter 317 where it is 
photoelectrically converted, and issued from the 
photoelectric converter 317; and the second output 
signal component is reflected by the beam splitter 
315 and then supplied to the photoelectric con- 
verter 316 where it is photoelectrically converted, 
and issued from the photoelectric converter 316. 
The first and second output signal components are 
supplied to such a subtracter (a differential circuit) 
SUB as shown in Fig. 25 from which a reproducing 
signal of a satisfactory S/N ratio is outputted to the 
output terminal 321 . 

As described above, the electric charge image 
recording/reproducing apparatus uses a recording 
laser light flux P11 and a reproducing (reading a 
recording information signal, reading a tracking 
control information signal and reading a focus con- 
trol information signal) laser light flux PI 2; the laser 
light fluxes P11 and PI 2 being in the first and 
second wavelengths, respectively. Meanwhile, posi- 
tions of focusing the laser light fluxes Pll and P12 
by the objective lens 318 must be separated by a 
distance substantially equal to the thickness of the 
photoconductive layer member PCL in the electric 
charge image recording medium D as shown in 



Fig. 29. However, such a predetermined distance 
can be easily achieved by adjusting the positions 
of the semiconductor lasers 301 and 305. 

Next, when the composition of a recording and 
5 reproducing object electric charge image recording 
medium D Is as shown in the example of Rg. 30 in 
which such an electric charge image recording 
medium D as having a grooved electrode Eg in use 
while performing recording and reproducing oper- 
10 ations using a reflection type grooved electrode Eg 
In the electric charge image recording medium D 
for tracking control operation. The operation of 
such an electric charge image 
recording/reproducing apparatus as described 
75 above Is explained in the following. 

P1 1 shown in Rg. 30 is a laser light flux in a 
first wavelength (for example, a wavelength of 670 
nm) emitted from the semiconductor laser 301 in 
Rg. 26. The laser light flux P11 of the first 
20 wavelength is converged into a recording laser light 
flux P11 of which the intensity is modulated by a 
recording object information signal, by the objec- 
tive lens 318 while being focused in the electric 
charge generating layer of the photoconductive lay- 
25 er member PCL in the electric charge image re- 
cording medium D. 

Referring to Rg. 30 P12r is a laser light flux of 
a second wavelength (for example, a wavelength of 
830 nm) emitted from the semiconductor laser 305 
30 in Fig. 26, during a recording mode. The laser light 
flux Pl2r of the second wavelength in a recording 
mode is converged into a reproducing laser light 
flux P12r of a predetermined intensity, by the ob- 
jective tens 318 while being focused onto a 
35 grooved electrode Eg in the electric charge image 
recording medium D, Furthermore, referring to Rg. 
30. P12p represents a laser light flux of a second 
wavelength (for example, a wavelength of 830 nm) 
emitted from the semiconductor laser 305 in Fig. 
40 26 during a reproducing mode. The laser light flux 
P12p of the second wavelength in a reproducing 
mode is converged into a reproducing laser light 
flux P12p of a predetermined intensity, by the 
objective lens 318 while being focused near the 
45 dielectric dichroic mirror DML in the electric charge 
image recording medium D. 

In the electric charge recording/reproducing 
apparatus shown in Fig. 26 (including Fig. 27), the 
semiconductor laser 301 emits a laser light flux 
50 P11 of a first wavelength (for example, a 
wavelength of 670 nm) in the state of being 
Intensity-modulated by a recording object informa- 
tion signal which is converted to a parallel light by 
the collimator lens 302 and then supplied to the 
55 fitter 303. thereby the intensity of the laser light flux 
P11 of the first wavelength being attenuated to 
such an intensity as suitable to record in the elec- 
tric charge image recording medium D. 
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The recording laser light flux P1 1 emitted from 
the filter 303 is reflected by the beam splitter 304 
towards a beam section shape connection prism 
307 which compensates a beam section shape. 
Thus compensated recording laser light flux P11 
enters the surface a of the optical member 306 
(see Fig. 28), is reflected by the surface b of the 
optical member 308 and entered into the objective 
lens 318. 

The objective lens 318 is configured so as to 
be drivable and dispiaceabie towards the optical 
axis direction of the objective lens by the actuator 
in the automatic focus control system. In addition, 
the tens 318 is also made drivable and dispiace- 
abie in the direction orthogonal to the extension of 
a recording track by the actuator in the automatic 
tracking control system. 

When the electric charge image 
recording/reproducing apparatus is set to a record- 
ing mode, the power source Vw is connected be- 
tween the moving electrode Em and the electrode 
E in the electric charge image recording medium 
D, thus an electric field generated across both the 
electrodes E and Em is given to the electric charge 
image recording medium D, 

A laser light flux, emitted from the semiconduc- 
tor laser 1 when the electric charge image 
recording/reproducing apparatus is set to a record- 
ing mode, is intensity-modulated by a recording 
object information signal, transmitted through the 
optical path and focused onto the electric charge 
generating layer in the photoelectric layer member 
PCL in the electric charge image recording me- 
dium D by the objective lens 318. 

When the electric charge image 
recording/reproducing apparatus Is set to a record- 
ing mode, a voltage is applied from the power 
source Vw between the moving electrode Em and 
the grooved electrode Eg of the electric charge 
image recording medium D as described before. 
Therefore, when the laser light flux of which the 
intensity is modulated by the recording object in- 
formation signal is entered into the photoconduc- 
tive layer PCU the electric resistance at a portion 
of the photoconductive layer PCL where the laser 
light flux is given decreases so much as a dis- 
charge occurs at that portion towards the electric 
charge retention layer member CHL in the electric 
charge image recording medium 0, whereby an 
electric Image is created on the surface of the 
electric charge retention layer member CHL in the 
electric charge image recording mediurrt D In cor- 
respondence to the recording object information 
signal. 

On the other hand, a laser light flux P12r of a 
second wavelength (for example a wavelength of 
830 nm) is emitted from the semiconductor laser 
305 in a recording mode as shown in Rg. 26. 



98 656 A2 40 

Being as a reproducing laser light flux PI 2r (a laser 
light flux to reproduce tracking control information 
signal and focus control information signal), the 
laser flux P12r is converted to a parallel light by 
5 the collimator lens 306, transmitted through the 
beam splitter 304 and entered in the beam section 
shape correction prism 307. The reproducing laser 
light flux P12r, of which the beam section shape 
has been corrected by the beam section shape 

10 correction prism 307. is entered into the surface a 
of the optical member 308 (see Fig. 28), reflected 
at the surface b of the optical member 308 and 
then entered into the objective lens 318. 

Also, the reproducing laser light flux P12r in 

75 the recording mode is entered into the electric 
charge image recording medium D via the moving 
electrode Em in a state of being converged by the 
objective lens 318. The reproducing laser light 
P12r in the recording mode is transmitted through 

20 the electric charge retention layer member CHL 
and the optical modulation material layer member 
PML in the electric charge image recording me- 
dium D and focused near the grooved electrode 
Eg. Next, the reproducing laser tight P12r in the 

25 recording mode is reflected by the grooved elec- 
trode Eg, transmitted through the optical modula- 
tion material layer member PML and the electric 
charge retention layer member CHL and leaves the 
electric charge image recording medium D. The 

30 light emitted from the electric charge image record- 
ing medium D is in such a state that the optical 
intensity thereof is changed according to a relative 
positional relationship between an optical spot by 
the reproducing laser light Pl2r in the recording 

35 mode, as entered into the electric charge image 
recording medium D and the grooved electrode Eg. 
A reflection light from the electric charge image 
recording medium D also include information for 
tracking control and focus control. 

40 The reflection tight of the reproducing laser 
light flux P12r in the recording mode, emitted from 
the electric charge image recording medium D and 
entered into the objective lens 318 via the moving 
electrode Em as described above, is entered into 

45 the optical member 308 from the surface f of the 
optical member 308 (see Fig. 28) and then re- 
flected at surfaces b and g while being outputted 
from the surface c and entered Into the beam 
splitter 308 via the analyzer AL. The light entered 

50 into the beam splitter 309 as described above is 
reflected at the beam splitter 309 and supplied to 
the four-split optical detector 312 via the lens 10 
and the cylindrical lens 31 1 . Control signals for the 
automatic tracking control system and the auto- 

55 matic focus control system are generated from an ' 
output signal of the four-split optical detector 312 
as already described referring to Fig. 24, and sup- 
plied to the actuator ACT which performs automatic 
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tracking and focus control operations to the focus- 
ing lens 318. At that time, a light entered into the 
half wavelength plate 313 transmitted through the 
beam splitter 309 when the electric charge image 
recording/reproducing apparatus is operating in a 
recording mode does not contribute to the effective 
operation of the apparatus. 

Next, a case where the electric charge image 
recording/reproducing apparatus is set to a repro- 
ducing mode is explained in the following. When 
the electric charge image recording/reproducing 
apparatus is set to a reproducing mode, emitting of 
a laser light flux from the semiconductor laser 301 
shown in Fig. 26 is stopped. In addition, a laser 
light flux P12p of a second wavelength (for exam- 
ple, a wavelength of 830 nm) emitted from the 
semiconductor laser 305 of Fig. 26 is converted to 
a parallel light by the collimator lens 306 as a 
reproducing laser light flux P12p of a predeter- 
mined intensity, then transmitted through the beam 
splitter 304 and entered into the beam section 
shape correction prism 307, The reproducing laser 
light flux P12p of which the beam section shape 
has been corrected by the beam section shape 
correction prism 307 is entered into the surface a 
of the optical member 308 (see Fig. 28). reflected 
at the surface b of the optical member 308 and 
then entered into the objective lens 318. The re- 
producing laser light flux P12p is then entered into 
the electric charge image recording medium D via 
the moving electrode Em in a state of being con- 
verged by the objective lens 318, transmitted 
through the electric charge retention layer member 
CHL and the optical modulation material layer 
member PML in the electric charge image record- 
ing medium D. and focused near the dielectric 
dichroic mirror DML. Next, the reproducing laser 
light flux P12p is reflected at the dielectric dichroic 
mirror DML and leaves the electric charge image 
recording medium D after being transmitted 
through the optical modulation material layer mem- 
ber PML and the electric charge retention layer 
member CHL. 

According to the foregoing description, it is 
obviously required that, among reproducing laser 
light beam components emitted from the semicon- 
ductor laser 305 as shown in Rg. 26, the reproduc- 
ing laser light flux P12r when the electric charge 
image recording/reproducing apparatus is set to a 
recording mode is converged into a reflection type 
electrode Eg in the electric charge image recording 
medium D. while the reproducing laser light flux 
P12p when the electric charge image 
recording;Teproducing apparatus is set to a repro- 
ducing mode is converged near the dielectric dich- 
roic mirror DML Therefore, with the electric charge 
image recording/reproducing apparatus, the posi- 
tions of the reproducing laser light flux must be 



switchable in the recording or reproducing mode as 
described above. However, such a switching opera- 
tion of the converging positions of the reproducing 
laser light flux can be easily performed by any of 
6 the following methods; according to an example, 
the position of the semiconductor laser 305 is 
changed to make the positions of converging the 
reproducing laser light flux are switchable in a 
recording mode and a reproducing mode or, for 
JO another example, an optical element is mounted or 
removed in the optical path of the reproducing light 
In a recording or reproducing mode to make the 
positions of converging the reproducing laser light 
flux, as already known in the prior art as technical 
75 means. The light emitted from the electric charge 
image recording medium D is a light transmitted 
back and forth in the optical modulation material 
layer member PML in the electric charge Image 
recording medium D. of which the polarization 
20 plane is maintained in state of revolving in cor- 
respondence to the intensity of an electric field 
applied to the optical modulation material layer 
member PML comprising such a material as lithium 
niobate crystals for example. Meanwhile, an elec- 
25 trie field by an electric charge image pattern re- 
corded and created In the electric charge retention 
layer member CHL of the electric charge image 
recording medium D is also applied to the optical 
modulation material layer member PML. Therefore. 
30 a reflection light from the electric charge image 
recording medium D includes information recorded 
in the electric charge retention layer member CHL, 
an infomiatlon signal for tracking control and an 
information signal for focus control. Therefore. 
35 when the laser light flux having a predetermined 
optical intensity as emitted from the objective lens 
318 is entered again into the objective lens 318 as 
a reflection light from the electric charge image 
recording medium D after being transmitted back 
40 and forth through the optical modulation material 
layer PML in the electric charge image recording 
medium D, the polarization plane of the reflection 
light has been changed in correspondence to an 
electric charge image created on the surface of the 
45 electric charge retention layer member CHL in the 
electric charge image recording medium D. 

The reflection light from the electric charge 
image recording medium D is reflected by the 
optical member 308 and then converted to a light 
50 in such a state as the optical intensity thereof is 
changed by the analyzer AL Next, the light is 
given to the beam splitter 309 at which the light is 
reflected. The reflection light is given to the four- 
split photoelectric converter 312 via the lens 310 
55 and the cylindrical lens 31 1 . From an output signal 
of the four-split photoelectric converter 312, control 
signals for the automatic tracking control system 
and the automatic focus control system are gen- 
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erated as already described referring to Fig. 2 and 
supplied to the actuator ACT which performs an 
automatic tracking control operation and an auto- 
matic focus control operation to the objective lens 
318. 

Among components of the light transmitted 
through the beam splitter 309, half wavelength 
ptate 313 and then the lens 314 and given to the 
beam splitter 315, an output signal component Is 
transmitted through the beam splitter 31 5 and then 
supplied to the photoelectric converter 317 in 
which the output signal component is photoelec- 
trically converted, and issued from the photoelec- 
tric converter 317. Among the light components 
given to the beam splitter 315, a second output 
signal component is reflected at the beam splitter 
315 and then supplied to the photoelectric con- 
verter 316 in which the second output signal com- 
ponent is photoelectrically converted, and issued 
from the photoelectric converter 316. The first and 
second output signal components are supplied to 
such a subtracter (differential circuit) SUB as 
shown in Fig. 25, from which a reproducing signal 
of a satisfactory S/N ratio is issued to the output 
terminal 321 . 

Referring to Fig. 26, the semiconductor laser 
301 emits a laser light flux P11 of a first 
wavelength, while the semiconductor laser 305 in 
Rg. 26 emitting laser light fluxes P12r and Pl2p of 
a second wavelength. Using the laser light fluxes 
P11. P12r and P12p and the electric charge image 
recording medium D shown in Fig. 30, recording 
and reproducing operations are performed as de- 
scribed above in the following preferred conditions; 
the photoconductive layer member PCL in the 
electric charge image recording medium D com- 
prises such a structure material as having a sen- 
sitivity to the laser light flux P11 of the first 
wavelength emitted from the semiconductor laser 
301 for recording and not having a sensitivity to the 
laser light fluxes P12r and P12p of the second 
wavelength emitted from the semiconductor laser 
305 for reproducing; and the dielectric dichroic 
mirror DML in the electric charge image recording 
medium D has a transparency larger than 90% to 
the laser light flux P1 1 of the first wavelength for 
recording and a transparency of about 50% to the 
laser light fluxes P12r and P12p of the second 
wavelength for reproducing. 

Referring to Fig. 30 in which a recording and 
reproducing object electric charge image recording 
medium D comprises an electrode Eg of_a grooved 
reflection type while using the reflection type 
grooved electrode Eg for tracking control operation 
to perform recording and reproducing operations, 
the configuration of the electric charge image 
recording/reproducing apparatus was as follows; in 
a recording mode, the laser light flux P11 of the 



first wavelength used for recording Infonnnatlon in a 
recording mode and the laser light flux P12r of the 
second wavelength used as a laser light flux for 
tracking control and focus control in a recording 

5 mode are converged into the electrode Eg of the 
electric charge image recording medium D; and, in 
a reproducing mode, the laser light flux P11 of the 
first wavelength is not used while converging the 
laser light flux P12p of the second wavelength near 

10 the dielectric dichroic mirror DML in the electric 
charge image recording medium D. However, it is 
also possible to modify the electric charge image 
recording/reproducing apparatus In such a manner 
that, in a reproducing mode, the laser light flux Pi 1 

75 of the first wavelength is used for detecting a 
tracking control information signal and a focus con- 
trol Information signal while converging the laser 
light flux P12p of the second wavelength near the 
dielectric dichroic mirror DML in the electric charge 

20 image recording medium D to be available for 
reproducing an information signal recorded in the 
electric charge image recording medium. Such a 
modified electric charge image 
recording/reproducing apparatus can be operated 

25 as follows. 

More explicitly, in order that the laser light flux 
P11 of the first wavelength can be used for detect- 
ing a tracking control information signal and a 
focus control information signal in a reproducing 

30 mode as described above, the filter 303 shown in 
Fig. 26 is configured so that it is removed out of 
the optical path of the laser light flux P11 of the 
first wavelength in a reproducing mode; the laser 
light flux P11 of the first wavelength can be re- 

35 turned to a reproducing system as a reflection light 
having a satisfactory optical intensity from the re- 
flection type grooved electrode Eg in a reproducing 
mode thereby making a tracking control information 
signal and a focus control information signal detect- 

40 able; and the beam splitter 309 is made a dichroic 
mirror to prevent the laser light flux P1 1 of the first 
wavelength from entering the beam splitter 315 in a 
reproducing mode. However, it is the same as the 
configuration example that converging positions of 

45 the reproducing laser light are made switchable in 
a recording mode and a reproducing mode. 

Obvious fi'om the foregoing detailed descrip- 
tion, the electric charge image 
recording/reproducing apparatus according to the 

50 present invention can perform such a mulfi-value 
recording as allowing a high-density recording us- 
ing two laser light fluxes from two semiconductor 
lasers in different wavelengths under a tracking 
control using a recording surface. 

55 

Claims 



0!^ 



45 EP 0 398 656 A2 46 



1 . An electric charge recording/reproducing ap- 
paratus comprising: 

a first means to focus an electromagnetic radiation 
ray containing a recording object information signal 
onto a photoconductive layer member (PCE) in an 5 
electric charge image recording medium (D) com- 
prising a laminate of at least an electric charge 
retention layer member (CHL). said photoconduc- 
tive layer member (PCE) and a first electrode (E) 
using an objective lens (107) which is driven and io 
displaced in an optical axis direction by an actuator 
(ACT) of an automatic focusing system; and 
a second means to integratedly connect and fix a 
moving electrode (Em) onto said objective lens 
(107). said moving electrode (Em) electrode being rs 
intended to generate an electric field for positioning 
said electric charge image recording medium (D) in 
the etectric field of a predetermined electric field 
intensity, towards said electrode in the electric 
charge image recording medium (D). 20 

2. An electric charge image recording medium 

(D) composed of a laminate of at least a first 
electrode (E), a photoconductive layer member 
(PCE). an optical modulation layer member (PML) 

and an electric charge retention layer member 25 
(CHL), the electric charge recording medium com- 
prising said electric charge retention layer member 
(CHL) provided with an electric charge image pat- 
tern for tracking control recorded and formed. 

3. The electric charge Image recording me- 30 
dium specified in Claim 2. wherein said electric 
charge image pattern for tracking control com- 
prises a continuous pattern at each position sepa- 
rated by a predetermined recording track interval. 

4. The electric charge image recording me- 35 
dium specified in Claim 2, wherein said electric 
charge image pattern for tracking control com- 
prises an intermittent pattern at each position sepa- 
rated by a predetenmined recording track Interval. 

5. The electric charge image recording me- 40 
dium specified in Claim 2, wherein said electric 
charge image pattern for tracking control com- 
prises intermittent patterns provided at each posi- 
tion separated by a predetermined recording track 
interval, adjacent ones of said intermittent patterns 45 
being arranged in a zigzag fomiation. 

6. An electric charge image 
recording/reproducing apparatus comprising: 

an electric charge image recording medium (D) 
comprising a laminate of at least a first electrode so 

(E) , a photoconductive layer member (PCE). an 
optical modulation layer member (PML) and an 
electric charge retention layer member (CHL), the 
electric charge image recording medium (D) cre- 
ated by recording and forming an electric charge 55 
image pattern in said electric charge retention layer 
member (CHL), to control tracking; 

a moving electrode (Em) positioned at a predeter- 



mined distance from the first electrode (E) in the 

electric charge image recording medium (D) where 
an electric charge image pattern to control tracking 
has been beforehand recorded and formed in said 
electric charge retention layer member (CHL); 
an objective lens to focus an electromagnetic radi- 
ation ray flux containing a recording object informa- 
tion signal in the photoconductive layer member 
(PCE) of said electric charge image recording me- 
dium (D); 

a first means to create an electric charge image in 
the electric charge retention layer member of the 
electric charge image recording medium according 
to a recording object information signal created by 
a discharge occurring across the moving electrode 
and the electric image recording medium in cor- 
respondence to the distribution of intensities of an 
electric field generated by the recording object 
information signal between the first electrode of 
said electric charge Image recording medium and 
the moving electrode; 

a second means to give a reflection light of which 
the polarization state is changed in correspondence 
to the electric field due to the electric charge 
image pattern for controlling a tracking, as created 
beforehand in the electric charge image retention 
layer of the electric charge image recording me- 
dium; 

a third means to obtain a tracking control signal by 
photoelectrically converting a light from a reproduc- 
ing optical system; and 

a fourth means to displace and drive an actuator of 
a tracking control system. 

7, An electric charge image 
recording/reproducing apparatus comprising: 
an electric charge image recording medium (D) 
composed of a laminate of a first electrode (E), a 
photoconductive layer member (PCE). a dielectric 
dichroic mirror, an optical modulation layer mem- 
ber (PML) and an electric charge retention layer 
member (CHL); 

a moving electrode (Em) and an objective lens 
(318) located at a respective predetermined dis- 
tance towards said first electrode in the medium 

(D); 

a first means to focus a first electromagnetic radi- 
ation ray flux containing a recording object informa- 
tion signal In a recording mode onto the photocon- 
ductive layer member (PCE), thereby forming an 
electric charge image by a discharge occurring 
between said moving electrode (Em) and the elec- 
tric charge image recording medium (D) in cor- 
respondence to the intensity distribution of an elec- 
tric field created between the first electrode (E) of 
the electric charge image recording medium (D) 
and the moving electrode (Em), according to the 
recording object information signal, onto the elec- 
tric charge retention layer member (CHL) in the 
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electric charge image recording medium (D); 
a second means to focus a second electromagnetic 
radiation ray flux In a wavelength different from that 
of said first electromagnetic radiation ray flux, using 
said objective lens (318). onto a portion near said 
dichroic minror in the electric charge image record- 
ing medium (D); 

a third means to give a second electromagnetic 
radiation ray flux reflected from the electric charge 
image recording medium (D) in such status as the 
state of polarization is changed by an electric field 
due to an electric charge image pattern formed in 
the electric charge retention layer (CHL) in the 
electric charge image recording medium (D). onto 
a reproducing optical system via said objective 
lens (31 8); 

a fourth means to obtain a reproduced signal, a 
tracking control signal and a focus control signal by 
photoelectrically converting a light from the re- 
producing optical system. 

8. The electric charge image recording me- 
dium specified in Claim 4, wherein the first elec- 
tromagnetic radiation ray flux of which the intensity 
has been modulated by a recording object informa- 
tion signal is given to the electric charge image 
recording medium after being attenuated by a filter. 

9. An electric charge image 
recording/reproducing apparatus comprising: 

an electric charge image recording medium (D) 
composed of a laminate of such a reflection type 
electrode (E) as indicating a tracking control in- 
formation signal according to the change of a geo- 
metrical shape, a photoconductlve layer member 
(PCL). a dielectric dichroic mirror, an optical modu- 
lation material layer member (PML) and an electric 
charge retention layer member (CHL); 
a moving electrode (Em) and an objective lens 
(318) provided to be positioned at a respective 
predetermined distance towards said electrode in 
said medium (D); 

a first means to focus a first electromagnetic radi- 
ation ray flux including a recording object informa- 
tion signal onto the photoconductive layer member 
(PCL) in a recording mode thereby creating an 
electric charge image due to a recording object 
information onto the electric charge retention layer 
(CHL) in the electric charge image recording me- 
dium (D) by a discharge occuning between the 
moving electrode (Em) and the electric charge im- 
age recording medium (D) in correspondence to 
the distribution of intensities of an electric field 
generated between the electrode (E) in the electric 
charge image recording medium (D) and the mov- 
ing electrode (Em); 

a second means to altemately switch the position 
of focusing a second electromagnetic radiation ray 
flux in a wavelength different from that of said first 
electromagnetic radiation ray flux, onto a proximity 



of the reflection type electrode or the dielectric 
dichroic mirror in a recording or a reproducing 
mode respectively; 

a third means to give a second electromagnetic 

5 radiation ray flux, reflected from the reflection type 
electrode in the electric charge image recording 
medium In a recording mode, onto a reproducing 
optical system via said objective lens while obtain- 
ing a tracking control signal and a focus control 

10 signal by photoelectrically converting a light from 
the reproducing optical system; 
a fourth means to give the second electromagnetic 
radiation ray flux reflected from the reflection type 
electrode in the electric charge image recording 

75 medium in a recording mode onto the reproducing 
optical system via said objective lens while obtain- 
ing a tracking control signal and a focus control 
signal by photoelectrically converting a light from 
the reproducing optical system; and 

20 a fifth means to give the second electromagnetic 
radiation ray flux reflected from the electric charge 
Image recording medium in such status as the 
state of polarization is changed in correspondence 
to an electric field due to an electric image pattern 

25 formed in the electric charge retention layer (CHL) 
in a reproducing mode, onto the reproducing op- 
tical system via said objective lens (107), while 
obtaining a reproduced signal, a tracking signal and 
a focus control signal. 

30 10. An electric charge Image 
recording/reproducing apparatus comprising: 
an electric charge image recording medium (D) 
composed of a laminate of such a reflection type 
electrode as indicating a tracking control informa- 

35 tion signal by the change of a geometrical shape, a 
photoconductive layer member (PCL). a dielectric 
dichroic mirror, an optical modulation material layer 
member (PML) and an electric charge retention 
layer member (CHL); 

40 a moving electrode (Em) and an objective lens 
(318) provided to be positioned at a respective 
distance towards the electrode (E) in the medium 
(D); 

a first means to focus a first electromagnetic radi- 
45 atlon ray flux containing a recording object informa- 
tion signal in a recording mode onto the photocon- 
ductive layer member (PCL) in the electric charge 
recording medium (D) by said objective lens (318) 
while creating an electric charge image according 
60 to the recording object Information signal by a 
discharge occurring between electric charge re- 
cording medium (D) and the moving electrode (Em) 
in correspondence to the distribution of intensities 
of an electric field generated between the electrode 
55 (E) in the electric charge image recording medium 
(D) and the moving electrode (Em); 
a second means to focus a second electromagnetic 
radiation ray flux of a wavelength different from that 
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of said first electromagnetic radiation ray flux onto 
a proximity of the reflection type electrode or the 
dielectric dichroic mirror in a freely switchable 
manner; 

a third means to give the second electromagnetic 5 
radiation ray flux from the reflection type electrode 
in the electric charge image recording medium (D) 
in a recording mode onto a reproducing optical 
system via said objective lens (318), while obtain- 
ing a tracking control signal and a focus control io 
signal by photoelectrically converting a light from 
the reproducing optical system; 
a fourth means to give the first electromagnetic 
radiation ray flux reflected from the reflection type 
electrode in the electric charge image recording i5 
medium in a reproducing mode onto the reproduc- 
ing optical system via said objective lens (318) 
while obtaining a tracking control signal and a 
focus control signal by photoelectrically converting 
a light from the reproducing optical system; and so 
a fifth means to give the second electromagnetic 
radiation ray flux reflected from the electric charge 
image recording medium (D) in such status as the 
state of polarization is changing in con^espondence 
to an electric field due to an electric image pattern 25 
formed in the electric charge retention layer (CHL) 
in a reproducing mode, onto the reproducing op- 
tical system via said objective lens (318). 
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